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Feature Section 





Beryllium 


Dr. Sawyer was asked to ‘debunk’ some of the statements 
in the press regarding the so-called strategic nature of 
beryllium. He has authoritatively done this. 


Magnesium in Aircraft 
We wanted some authoritative information regarding the 


role of magnesium and its alloys in aircraft. Dr. Woldman 
has fully supplied the need. 


Aircraft Stam pings 


Stampings of several kinds of material are extensively 
used in airplanes. Mr. Chase describes their production in 
the great plant of the Douglas Aircraft Co. Modern plants 
have become chiefly engaged in doing sheet metal work 
instead of working with wood. 


An Ordnance Problem 


During the World War, flakes and cooling cracks in 
forgings were a problem. They still are. The present 
situation as related to the Defense Program is discussed by 


Mr. Foley, a metallurgical engineer of broad experience 
in this field. 


Aircraft Laboratory 


_What a modern laboratory means to the production of 
high-grade airplanes and to the Defense Program is demon- 
strated by Mr. Woods in a pictorial article. 


Tin and Bearings 


The relation of the strategic metal—tin and antimony— 
to the bearing situation is reviewed in this second in- 
stallment, 





Armor Plate 


_ The electric steel industry and its relation to the produc- 
tion of armor plate is portrayed from the viewpoint of the 
Republic Steel Corp. 


Non-Destructive Testing 


Ail airplane tubing in particular must be as flawless as 
possible. Mr. Knerr describes a new apparatus for the 
electrical detection of defects in tubing and bars, ferrous or 
non-ferrous, magnetic or non-magnetic. 
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Engineering Digests 





Contraction in Cast Iron 


Working with castings literally as big as the side of a 
house, Longden (page 528) finds that thick sections con- 
tract more than thin where thick and thin sections are linked 
in close proximity. 


Belgian Pickle 


McLeod (page 550) found himself in a pretty pickle 
when the Germans invaded Belgium while he was in that 
country obtaining data on a new pickling process for his 
British readers. The bath consists of ferrous sulphate, 
hydrochloric acid, sulphuric acid and an inhibitor, and is 
claimed to be extremely fast. A critical discussion offers 
counter claims. 


Austempering Iron Castings 


Still ga-ga over having Elmer Legge’s article on austemper- 
ing in our August 1939 issue officially cited as the best 
single article published in the industrial press last year, 
your editors note that Bartholomew austempers gray iron 
and Cowan does it to malleable (page 549). 


Brake Drums 


Which shall it be—cast iron or steel for heavy duty 
brake drums? Crosby & Timmons (page 564) plump for 
gray cast iron and, in addition, recommend the use of 
molybdenum to increase strength. 


Bismuth Alloy Forming-Dies for Aircraft Sheet 


Chase's feature article in this issue and the first part of 
a composite on ‘Forming Aircraft Sheet’’ (page 542) stress 
the utility of zinc alloy dies for forming light metal or light- 
gage stainless sheet. Rowe in the same composite, however, 
promotes low-melting bismuth-base alloys for the same pur- 
pose, claiming lower long-time die costs, exact die sizing 
and freedom from warpage. 


Fatigue of Light Metals 


Aluminum and magnesium alloys, although low in fatigue 
strength, need not always be skipped over on that account 
—even low fatigue strengths are often high enough, and 
redesign may permit the use of light metals. Giirtler (page 
572) advocates for design purposes the use of fatigue data 
based on the beginning of damage formation of cracks— 
rather than on actual failure, and describes a method for 
determining points on the “damage curve’. 
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ANNEALING TIME CUT FROM 7 DAYS TO 1 












































Rapid heating of the charge is accomplished in the 
y high-temperature chamber while a previously heated 
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low-temperature chamber for the remainder of the 
cycle. Net production is eight tons of castings a dey. 


For annealing malleable iron, steel castings, bar stoc: 

i and tubes General Electric has a complete line of sing/- 
~_" and double-chamber, elevator-type furnaces. Construc- 
tion details of the two-chamber type are shown. 














MIDWESTERN MANUFACTURER recently 
replaced an old, fuel-fired furnace with this 
modern, elevator-type electric furnace for annealing 


malleable iron. 


In addition to the savings in time and money resulting 
from the 85 per cent reduction in annealing time, 
several other benefits were obtained. Lightweight 
alloy containers replaced heavy cast pots. The expense 
of labor and material for packing the castings is 
improved. 


avoided, and working conditions are 


Accurate, automatic control made possible with 


electric heat assures constant uniformity of product. 





G-E Electric Furnaces Offer You a Proved Way to 
Speed Production 


This installation is typical of what G-E engineers 
can do to help you keep pace with the demands of 
emergency production and plant expansion. Whether 
you are concerned with the scale-free hardening of 
tiny parts or with the annealing of 30-foot bar stock, 
the heating specialist in the nearest G-E office can 
help you. He can show you dozens of tested and 
proved heat-treating equipments that will do your 
job easily, quickly, and economically. Call him today, 
or write General Electric, Schenectady, New York. 
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The Metal Industries and Defense 


Metals and their alloys—especially certain ones 
—are indispensable to any program of national 
military preparedness and defense. 

Because of the tremendous program which our 
Government — in the face of danger from the 
social revolution which dominates Europe — is 
engaged in to the hilt, the editors of METALS AND 
ALLoys devote this issue in particular to articles 
and discussions bearing on certain phases of the 
national program. 

So vast and complicated is the relation of metals 
and alloys to any such program of military pre- 
paredness—involving battleships, cruisers, sub- 
marines, guns of all types, airplanes, tanks, armor 
plate, and so on—it has been impossible to bring 
into one issue discussions covering all these and 
other phases. Many subjects, also, cannot be even 
touched on because of the circumstances involved 
in the program. 

In a spirit of patriotism and enterprise, however, 
we present an array of editorial expressions by com- 
petent authors which are related in ome way or 
another to this expansive undertaking. We also thus 
celebrate, as is our custom each year, the National 
Metal Congress, held in Cleveland this month, by 
such a special issue.—E. F. C. 


Our Cover 


Through the courtesy of the U. S. Navy and War 
Departments, and the cooperation of the N. Y. Times 
Wide World photographic organization, we are 
able to present on the cover a group of several 
types of American defense equipment—this issue 
being devoted exclusively to articles and discussions 
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related to the Government's Defense Program. 

For many of the illustrations used in the early 
part of this issue—battleships, torpedo boats, sub- 
marines, airplanes, guns and so on—we are indebted 
also to the Navy and Army.—The Editors. 


Strategic Metals 


In Vol. 1, No. 1 of METALS AND ALLoys, for 
July, 1929, we published an article by Major Roger 
Taylor, of the Ordnance Department, U. S. Army, 
on “Strategic Raw Materials.’’ Most of what was 
said there is directly applicable today, the more 
notable changes being that the chief source of plati- 
num is now Canada instead of Russia and Colombia, 
and that the development of molybdenum high 
speed steels has so eased the tungsten situation that, 
although tungsten is still classed as a strategic mate 
rial, this seems to be more from the aspect of its 
use in some projectiles, rather than in tools. 

We hear a good deal of the importance of 
machine tools in the defense picture, but there are 
no worries about the tools themselves. Domestic 
tungsten can be supplied for cemented carbide tools 
and molybdenum high speed steels are so far ad- 
vanced that an enforced substitution of them for 
18:4:1 and other high tungsten tool steels, would 
scarcely be even an inconvenience. 

The antimony situation has changed, too, for be- 
side the feasible replacement of antimony in shrapnel 
balls and bullet cores by use of alkali or alkaline 
earth metals to harden the lead instead of antimony, 
it has been shown by the National Bureau of Stand- 
ards, the Bell Telephone Laboratories, and others, 
that calcium-hardened lead will serve excellently in 
storage battery plates. 

In 1929, the model T was still in production. 
While metallurgical changes have not been as striking 
nor as obvious as the differences between the 1929 
and the 1941 cars, yet changes for the better have 
occurred in the whole strategic metals situation, even 
though some of these are not as clear-cut as in the 
cases of tungsten and antimony. 

The chromium situation is probably more severe 
than in 1929 because stainless steel has come into 
so much greater popularity. It may prove a serious 
competitor to aluminum for aircraft construction, so 
that in future years we may have to class it as 
essential for that purpose. This is not yet the case, 
since aluminum is holding its own in that field and 
even plastics may serve to a limited extent. Lack 
of stainless will not seriously handicap the aircraft 
program, but the many needs for stainless in the 
chemical industry, for chromium in aircraft valves, 
in tool steels, and in various constructional steels, 
will have to be met. 


The possibilities and limitations in replacement of 
(Continued on page 470) 
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“Certainly, I'll tell 
you why we prefer 
Inland Sheets” 


“It’s because we are turning out more parts, at 
lower cost,” says this operating manager, “but that 
is only part of the story. Inland Quality Sheets and 
Inland Co-operation help us give our customers 
finer products and better service.” 

Inland quality is based on using only the best of 
controlled raw materials. Inland Steel is proc- 
essed on the most modern continuous mills, by 
men who are masters of steel making. Backing this 
strong combination is an expert staff of metallur- 
gists that co-operates with customers, works 


with the mill men, and carries on endless resear:h. 


Inland customer co-operation goes far beyond the 
routine. It includes catching on to the spiril of 
things, being able in many intangible ways to help 
each user do his job better, easier and more cco- 
nomically. It includes thoughtful anticipation of 
demands, and constructive help on all problems 
from early design stage through production of 
finished parts. All these play a role in the estab- 
lished preference for Inland Sheets. You, too, can 
gain by using Inland Sheets and Inland ‘Service. 


SHEETS + STRIP * TIN PLATE + BARS + PLATES * FLOOR PLATES + STRUCTURALS «+ PILING + RAILS + TRACK ACCESSORIES + REINFORCING BARS 


INLAND 


STEEL CO. 


























METALLURGICAL ENGINEERING 
IN PREPAREDNESS AND DEFENSE 


Both ferrous and non-ferrous metals and 
their alloys are so manifestly essential to any 
program of military preparedness that national 
defense would be impossible without them. 
Modern efficient weapons of war—battleships, 
cruisers, aircraft carriers, destroyers, submarines, 
guns of all types, airplanes, tanks, armor plate 
of all degrees of protection, and many other 
products—could not be produced without these 
materials. 

In recognition of these facts and of the Gov- 
ernment’s tremendously expansive program of 
Preparedness and Defense, the October issue of 
METALS AND ALLoys is devoted exclusively in 
its feature section to articles and discussions 
which in some manner are directly or indirectly 
associated with the Government's program. 
Naturally not all phases of the relation of 
metals and their alloys to preparedness can be 
covered in such an issue. As the special issue of 
the year, the October number is also associated 
with the National Metal Congress which meets 
in Cleveland, Oct. 21 to 25. 

The main theme of the issue is “Metallurgi- 
cal Engineering in Preparedness and Defense.” 
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The leading discussions or articles cover in gen- 
eral the relation of the metal industry to the 
Government's preparations for defense, metal- 
lurgical problems involved in the preparedness 
program—both ferrous and non-ferrous—b) 
authors who speak with authority. 

Another feature of the issue is a symposium 
or review of the relation of, and the present 
situation regarding, the seven strategic ma- 
terials—for the most part written by men 
thoroughly posted in the respective fields. 

In addition to these introductory presenta- 
tions, there are a number of articles which treat 
of many subjects which enter into the general 
preparedness program—the air plane, armor 
plate and electric furnace capacity, tin and 
bearing metals, tinplate and solder, beryllium 
and some of its alloys, commercial heat-treating 
laboratories, problem of flakes and cooling 
cracks in forgings, role of aluminum and mag- 
nesium in the program, and others. 

It is planned that not only the October issue 
shall contain such articles tied to the defense 
program, but also the November and subse- 
quent numbers will feature some of them. 
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Two articles of a general nature serve to 
introduce this issue. 


Dr. George B. Waterhouse, of the metal- 
lur gical department of the Massachusetts Instz- 
tute of Technology, Cambridge, Mass., dis- 
cusses some of the ferrous metallurgical prob- 
lems in the defense program. He is widely 





known among metallurgical engineers here and 
abroad. 

Dr. Charles F. Lindsay, Westport, Conn., a 
consulting engineer, reviews some of the non- 
ferrous problems in the preparedness program. 
His experience in the non-ferrous industry has 
been extensive. 





Some Ferrous Problems in the Defense Program 


By GEORGE B. WATERHOUSE 


and enthusiastic support of every metallurgist 

connected with the iron and steel industry. 
Without their efforts it cannot succeed because iron 
and steel constitute the backbone of practically every 
industry contributing to national defense and the 
correct and proper irons and steels cannot be pro- 
duced without careful metallurgical control and 
supervision. The subject of the problems that con- 
front the metallurgical engineer is very large and 
only part of them will be considered in this article. 


T= DEFENSE PROGRAM WILL RECEIVE the earnest 


Production—It is evident that there will be need 
for every ton of material that can be produced. Even 
now the plants are at virtual capacity and our pro- 
gram is only getting under way. This means that 
every producing unit and process will have to be 
studied intensively and production maintained and 
increased. This may seem to be a familiar matter 
to the metallurgist, and fortunately this is true, but 
the question will be complicated by a number of new 
factors. For instance, quality must be rigidly main- 
tained to meet the demands for high quality prod- 
ucts, such as ordnance material, hitherto made on 
a comparatively small scale and by leisurely methods 
not considered as tonnage methods. Also in regard 
to the ordinary tonnage materials methods must be 
worked out which will give greater output than 
at present while still maintaining quality. 


This matter of production is so important that 
some of the problems may be considered in detail. 


Pig lron—In regard to pig iron more and more 
will be required to supply the foundries and steel 
plants because of the increased demand for finished 
products, and because the supply of suitable scrap 
will constantly decrease. This is already evident in 
the increasing price of scrap and the discussions 
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regarding placing an embargo on shipments of scrap 
to other countries. We do not need new kinds of 
pig iron but more of the kinds already being pro. 
duced. Part of the increased tonnage can be obtained 
by putting into blast some or all of the idle fur 
naces, about 40 (out of a total of 215) being idk 
at the present time, most of the 40 being the smalle: 
older and least efficient of the furnaces now in th« 
country. 

Consideration may be given to the building o: 
new modern furnaces at the proper locations, b 
this would take from 9 to 18 months, and it is b: 
coming increasingly hard to get deliveries of blowin 
engines and other items of equipment desired. | 
regard to raw materials we can step up the produ 
tion of iron ore and flux, either limestone or dol: 
mite, and fortunately we have plentiful supplies 1: 
various localities, but we are not so well off in 
regard to coke, and the building and equipping 0! 
new batteries of coke ovens would again take con- 
siderable time. 

The most promising way of increasing pig iron 
production at most of the existing plants has already 
been mentioned, namely, the intensive study by the 
metallurgical engineering staff of every detail of the 
blast furnace process. Fortunately, the groundwork 
has been done in recent years and the effect of vari- 
ous factors on production and quality has been care- 
fully studied, such as crushed, screened and graded 
ore, flux and coke, methods of charging, effect of 
increased volume of blast and of higher temperatures, 
studies of stove operation and increased stove eff- 
ciencies, effect of the use of sintered fine ores and 
studies to reduce flue dust losses. Also, the effects 
of various slag compositions on easy running and 
on quality and output. The metallurgist can and 
must apply this body of knowledge to the individual 
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plant with which he is connected. 

It would seem as though the main difficulties 
would be in the supply of coke and in maintaining 
the quality of coke in face of constantly increasing 
demands for more coke production, and the problem 
will be to keep up and increase pig iron production 
and maintain quality while using soft friable coke 
possibly higher in ash and in sulphur than at present. 
A careful study of each factor in the blast furnace 
practice may easily lead to an increase of 5 to 25 
tons or more each day per furnace, which will mean 
a great deal in terms of total production. 

As will be mentioned later, one of the problems 
of the Defense Program will be to keep up and 
push vigorously research in the various fields, and 
in blast furnace practice work may be considered 
in the use of oxygen to enrich the blast and in ways 
to lower the moisture in the air and to bring about 
constant moisture. One company is already obtain- 
ing good results in improved quality, reduced coke 
consumption and increased tonnage by using air 
reduced to a low and constant moisture percentage. 


Iron and Steel Castings-—There will be many pro- 
duction problems in the foundry industry, that in- 
dustry which has been transformed by metallurgists 
in the last few years. This applies to each of the 
three major branches, cast iron, malleable cast iron 
and steel. In each field increased production will 
be demanded and in each field products will have 
to be made that have not been among the products 
of the ordinary foundry. There would seem to be 
great possibilities in adapting the rapid production 
methods of foundries to ordnance material of many 
types, and the metallurgist will find many ways in 
which the results of the intensive research of recent 
years can be applied to the new materials that will 
be demanded. Cast armor of various kinds will be 
required for many types of equipment and the metal- 
lurgist will have to help work out the composition, 
casting practice and above all the heat treatment that 
will be necessary. 

The newer types of ordinary and alloy cast irons 
are so wonderful in their properties that they can 
certainly be applied in many ways not thought of 
before, and the metallurgist will have to adapt these 
newer irons and their methods of production to the 
new demands. This also applies to the newer types 
of malleable cast iron with equal force. 

In regard to steel castings the field is almost un- 
limited. We now can make steels of almost any 
composition and can control the analysis and cleanli- 
ness of the steels so as to obtain solid clean castings, 
which after heat treatment give results comparable 
with forgings. Molding practice, the mixing and 
treatment of sands and all the factors that enter into 
the production of good castings are much better 
understood than formerly so that with proper metal- 
lurgical control the results are uniform and good, 
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and reliance can be placed on the product. 

While emphasis will naturally be placed on the 
open-hearth and the electric furnace for producing 
liquid steel for castings, the small acid lined con- 
verter should not be overlooked. Very few are now 
in operation but when it comes to a matter of rapid 
tonnage production of steel within its capabilities, 
nothing can equal the converter and the quality can 
be made exceedingly good and very uniform, The 
results obtained steadily over the years at the Boston 
Navy Yard will repay careful study, and the castings 
produced find numerous applications. Installation of 
a converter plant is not expensive nor is much time 
required and the methods of operation and metal- 
lurgical control are well understood. 

If there were time and space, more would be said 
about the heat treatment of castings including cast 
iron, malleable and steel. This is a field where the 
metallurgist has shown what he can do and the 
opportunity for future work is exceedingly wide and 
the results for the Defense Program will be of great 
importance. 


Rolled Steel—tIn regard to production of rolled 
steel the metallurgical engineering problems will be 
very numerous and only a few of them can be 
touched upon. Main reliance for steel ingots will 
of course be placed on the basic open-hearth process, 
and in order to maintain and increase production 
and keep up quality the metallurgist will have to 
study each detail of the process as in the case of 
the blast furnace. This includes many things, such 
as the fuel used, the refractories, control of the 
combustion process, making up the charge, the melt- 
ing and refining practice and the finishing of the 
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heats of steel. It extends to the handling of the 
steel in the ladle and the ingot mold and pouring 
practice. Here again, fortunately, a great deal of 
careful research work has been done in the last few 
years, and the metallurgical engineer will have to 
draw upon this and apply it to the steel making 
problems. 

The study of the refractories will be particularly 
valuable. Each extra turn a furnace can be kept in 
operation will be helpful and this depends to a 
large extent on the refractories used in the port ends, 
the walls, the roofs and the checkers. The hearth 
refractories are of great importance in keeping down 
delays and we now hardly notice that Austrian mag- 
nesite is not available because of the excellent mag- 
nesite produced here, and the splendid chromite 
and dolomite refractories used for hearth work and 
for patching. The metallurgist will have to study 
the refractories available and see that they are usea 
to the best advantage. A heat of steel that boils on 
the bottom is ruined for many applications and care 
in making up and keeping a good bottom or hearth 
will be well repaid. 

Pouring practice cannot be over-emphasized. In 
addition to the effect on quality good pouring has a 
great influence on the yield of usable material ob- 
tained in the rolling mill. Good pouring helps bring 
about good surface on the ingots which reduces 
chipping and scarfing delays and helps in yield, and 
good pouring helps greatly in reduction of pipe and 
the consequent increase in usable material. The 
metallurgist will find many problems on the pit side 
of the open-hearth, attention to which will all help 
in production and quality. 

As mentioned before, less scrap will be available 
for the steel making process, which means more pig 
iron will have to be used. In the interests of ton- 
nage it may be advisable to study the processes that 
use more pig iron than the ordinary process and see 
whether they should be used. This applies particu- 
larly to the Duplex Process, which is capable of 
turning out remarkably large tonnages, using 100 
per cent pig iron if desired, of excellent quality. It 
also applies to the Bessemer process itself and careful 
examination should be made by the metallurgists of 
every grade of steel required to see whether Bessemer 
steel could be applied. This will save scrap and 
help greatly from the standpoint of production. 


Electric Furnaces and Armor Plate—The electric 


furnace process of steel making will find many ap- 
plications. One that is 
clearly indicated is the 
manufacture of steel for 
armor plate. Up to now 
armor plate for ships has 
been made almost en- 
tirely of acid open- 
hearth steel. It would 
seem as though elec- 















































tric furnace steel would be eminently suitable tor 
armor plate, and the metallurgical engineers will have 
to work this out. It is evident the needs for armor 
plate will greatly increase. Not only does the Defense 
Program call for a greatly enlarged navy, but tanks, 
gun carriages and many other pieces of equipment 
will call for armor plate varying in thickness from 
less than 1 in. to about 3 in. The production of 
this material in the tonnages required presents many 
problems to the metallurgist in regard to steel pro- 
duction, fabrication and heat treatment. Research 
work has been going on for years but many prob- 
lems remain unanswered, and the production of the 
tonnage and quality of bullet proof sheet and armor 
plate required to meet the immediate and future 
demands of the Defense Program is one of the most 
serious confronting the steel industry, and will have 
to be solved largely by the metallurgists. 

Strategic Manganese—Another of the great prob- 
lems is in regard to the conservation and, in some 
cases, substitution for the so-called strategic and 
critical materials. Most important of these from the 
production standpoint is manganese and so much 
has been said on the subject that little is necessary 
here. Fortunately this question has been carefully 
studied. Sources of supply have been carefully in- 
vestigated. Brazil and Cuba, the Gold Coast and 
South Africa can probably supply all our needs for 
high grade ore. Methods have been developed for 
using our own low grade ores, and ferromanganes: 
and spiegel will probably be ample in amount. How 
ever, the metallurgist can help greatly in the solutio: 
of the manganese problem. He can study the us« 
of alloys lower in manganese than standard 80 per 
cent grade; he can develop methods to use fa: 
greater amounts than at present of spiegel up t 
21 or 22 per cent Mn, which we can produce i: 
quantity from our own ores, and he can investigat« 
methods of producing ordinary steels with lower 
manganese than at present which will meet all com 
mercial demands. Many steels that he must make 
require fairly large or in some cases very larg: 
amounts of manganese and for these steels he must 
study the most efficient methods of manufacture so 
as to conserve manganese. 

The other strategic and critical materials will not 
be gone over in detail. A good deal of time would 
be required, but it is self evident that many of the 
metallurgical problems will be concerned with their 
efficient use or with careful substitution. 

Mention has been 
made of the yield of 
good material in the 
rolling mills. This is a 
very important matter in 
regard to tonnage output. 
Most of the problems 
connected with yield are 
metallurgical. One that 



























is not often considered is soaking pit and heating 
furnace practice. Careful heating will greatly reduce 
scale loss which in turn will directly increase yield. 
As a rule factors which increase yield improve quality 
so that a study of these factors is of double impor- 
tance. An increase in yield has a great cumulative 
effect in regard to tonnage. Under severe conditions 
of inspection and specifications, such as will be 
imposed with many of the special and newer steels, 
the yield of good material at first will be very low, 
and one of the most important problems for the 
metallurgist will be to increase this yield and still 
provide material with the qualities and structures 
desired. 

Inspection—This might not be thought to be a 
metallurgical problem, but even a rapid consideration 
of the specifications that will have to be met on the 
materials called for by the Defense Program will 
show how many of them are of a metallurgical 
nature. Steels that have to be subsequently forged 
all have to pass severe tests covering the internal 
structure. Some will have to meet grain size require- 
ments. Practically all will have to meet physical test 
requirements as rolled or after careful heat treat- 
ments. All of these call for metallurgical engineer- 
ing knowledge on the part of the inspectors so that 
it will be necessary that they are either metallurgists 
or have had some metallurgical engineering training. 
Even the most carefully drawn specifications leave 
something to the judgment of the inspectors, and 
unless these men can judge the materials presented 
to them from a metallurgical standpoint, a great deal 
of excellent and usable material will be rejected. 
This in turn will lead to the loss of considerable 
tonnage and will work great harm. A major prob- 
lem, therefore, is in regard to the proper training 
of an adequate force of inspectors who can interpret 
specifications and intelligently apply them to the 
materials they have to inspect. 


The other great metallurgical engineering problem 
in regard to inspection is to produce material that 
will conform to the specifications imposed and pass 
inspection, This of course is not a new problem, but 
it will be heightened and complicated because of the 
many new irons and steels needed by the Defense 
Program, which, as mentioned before, are not usually 
made by tonnage methods in large plants. The metal- 
lurgists will have to go over the specifications in 
detail, find out how to adjust or modify prevailing 
plant practice to meet them. In many cases they will 
have to ask for changes in the specifications leading 
to conferences, plant experiments on a small or large 
scale, and the tackling and working out of a great 
many metallurgical problems. Fortunately plant 
metallurgists are familiar with work of this kind, 
and there is no question the problems will be suc- 
cessfully solved. 
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Consumer Contact—What may be called Consumer 
Contact will give rise to many metallurgical problems. 
For instance forging steels of special analysis and 
properties will be supplied to plants for forging and 
subsequent heat treatment to be followed by machin- 
ing in the forging plants or other plants. Much of 
this practice will be entirely new to the forging plants 
concerned. There may be entirely new plants orga- 
nized to meet the needs of the Defense Program. It 
is evident that metallurgical engineering problems 
will be very numerous in regard to proper heating 
of steels, correct forging practice and above all, cor- 
rect heat treatment practice. All such plants on these 
and other steels will need well staffed metallurgical 
departments to control the various steps of the work 
and to see that the final products meet specifications 
and are suitable for the work they must perform. 

This kind of consumer contact work will prevail 
in many plants all over the country, and will call 
for a great many well trained men, and for super- 
vision by men from the plants where the steels were 
originally produced. Also, there will be many cases 
of failures of material, as in present practice, which 
will need metallurgical investigation to show the 
cause of failure and point the way to change in 
practice. 

This general phase of the subject has been very 
briefly discussed but it is certain the problems en- 
countered will be very numerous and many men will 
be needed. 

Research—-Under Production many other topics 
could have been discussed. For instance, it is known 
there will be a great demand for tool steels and 
special materials used as cutting tools. This will 
lead to metallurgical engineering problems regarding 
the adequate supply of tungsten, chromium, cobalt 
and other materials. Fortunately much thought has 
been given to the question of tungsten. We have a 
fair supply in this country, in Mexico and South 
America, and molybdenum is a satisfactory substitute 
in some cases. Cobalt seems to be essential for certain 
cutting alloys and for the wonderful cutting mate- 
rials such as Carboloy, and an important problem 
will be the securing of enough cobalt for its essential 
uses. Also, considerable study has been given to the 
subject of chromium, so necessary in tool steels and 
alloy steels. This element is probably the most im- 
portant alloying element if manganese is excluded. 
For the present our supplies from Rhodesia and New 
Caledonia seem assured. 


Before closing this brief review of the metallurgical 
problems which are facing us, attention should be 
drawn to the importance of continued research work. 
Great Britain is keeping up, at accelerated pace, the 
program of metallurgical research laid out several 
years ago. We must do the same and lay the bases 
for the advanced practice to come in future years. 
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by CHARLES F. LINDSAY 


armament manufacture is widespread and in 
large amounts. In general, a definite distinction 
can be made between the direct use of these mate- 
rials in munitions of war and in contributory uses, 
such as bearings, springs, etc., in auxiliary machine 
equipment. A discussion of these contributory uses 
is so involved that this discussion, on account of 
time available, will be limited to the direct uses of 
non-ferrous metals and alloys in the production of 
arms and other materials of war. 

In order to make this discussion clearer, I am 
dividing these materials into four distinct classifica- 
tions: 


T= USE OF NON-FERROUS METALS and alloys in 


Copper and its alloys. 
Nickel and its alloys. 
Lead and its alloys. 
Aluminum and its alloys. 


wry 


Copper and Its Alloys 


Of these four, copper and its alloys are unques- 
tionably the most important. The largest use of 
copper and its alloys is in all probability in the 
manufacture of so-called cartridge brasses. This brass 
has an average composition of 70 per cent Cu, 30 
per cent Zn. The chemical specifications allow a 
variation of 1.5 per cent in copper content plus 
or minus the mean, and demand that impurities, 
iron and lead, be kept to a minimum and must not 
exceed 0.05 per cent. The physical requirements 
of this brass, in order to insure maximum produc- 
tion and ease of handling, include: 


1—That the composition shall be closely held, in order 
that the metal shall be completely and wholly in the alpha 
phase at all temperatures. 

2—That it be rolled to close limits of thickness. 

3—That it be free from any inclusions, piping and surface 
faults, such as scabs, cold shuts, etc. 

4—That it be annealed to furnish a uniform grain struc- 
ture of maximum ductility. 


This brass is used in the manufacture of cases 
for all small arms ammunition and in addition 
machine gun and rapid fire cases in all fixed ammu- 
nition up to and including 6-in. rapid fire guns. 


Small Arms Ammunition—For the manufacture 
of 0.30 calibre rifle ammunition a requirement of 
44.02 lbs. gross of this material is required per 
1000 lbs. To this must be added a small amount 
not exceeding 10 per cent, or approximately 4 lbs. 
per 1000, for use in the manufacture of primer 
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cups, and anvils. The 0.50 calibre cartridge case 
requires 196 lbs. gross weight of cartridge brass per 
thousand, to which there must be added the same 
amount for primers and anvils bringing the total 
up to approximately 200 lbs. gross of brass for 
cartridge cases. 

The next item in the production under discussion 
is the 0.45 automatic pistol] ammunition, which re- 
quires 21.77 lbs. gross of cartridge brass, with a 
similar amount added for primers and anvils, making 
a total demand of brass per case of approximately 
25 Ibs. per 1000. 

The above covers what is commonly known as 
small arms ammunition. In addition there must be 
added the requirements for larger cases, including 
20 m.m. cases, one pounder cases, 75 m.m. cases and 
4, 5, and 6-in. rapid fire Navy cases. The 20 m.m. 
cases require 0.03 Ibs. per 1000. The 37 m.m. cases 
require 1.2 lbs., and the 75 m.m. require 3 lbs., and 
the 4, 5, and 6-in. rapid fire Navy cases require 
14 lbs., which are all made from the same blank. 

To these figures which represent the weights of 
brass blank must be added an approximate 3314 per 
cent to cover skeleton trimmings, etc., in order to 
obtain the gross weight of brass needed per case 
giving us the following values: 


Case Gross wt. brass per M cases 
20 m.m. 400 Ibs. 
37 m.m. 1600 ° 
75 m.m. 3800 

4 in. All made from same blank 
wa 18660 Ibs. 

6” 


At the present time it is impossible to give even 
an approximate figure of the number of rounds in 
the above classification that will be demanded in 
the preparation program by the Government per day, 
and therefore it is impossible to give even an approxi- 
mation on the production demand on the brass and 
ammunition industries. 

During the last World War, the production of 
these types of munitions increased very rapidly until 
they had reached the staggering figure of almost 
4,000,000,000 rounds of small arms ammunition pert 
month or in excess of 130,000,000 rounds per work- 
ing day. This was, of course, at a time when the 
country was actively at war and the production was 
being used up continuously and almost as fast as 
it was produced. At the present time I do not 
believe that there is any chance of the requirements 
even approaching these figures and would not hazard 
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a guess as to the demand in the near future. 


Gilding Metal—Added to the above is the require- 
ment of gilding metal for bullet jackets. Gilding 
metal for bullet jackets is a copper-zinc alloy of 
approximately 90 per cent Cu, 10 per cent Zn. 
During the last war these bullet jackets were almost 
entirely made of cupro-nickel, but this material has 
now been superseded by gilding. The bullets for 
0.30 Springfield rifle and 0.50 calibre are of four 
types: regular, armor piercing, tracer and incendiary. 
The bullet jacket metal requirements vary slightly 
between these four types, but an average figure will 
be approximately 14 lbs. per 1000. For the 0.50 
calibre cartridge case the bullet jacket requires ap- 
proximately 931/, lbs. of gilding and the United 
States Government 0.45 automatic pistol ammunition 
requires 7.6 lbs., per 1000. 


The following short tabulation shows the require- 
ments for case and bullet jackets of these three 


sizes of small arms ammunition in pounds per 
thousand: 
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0.30 Cal. 0.50 Call. 0.45 Cal. 








{Copper ... . $3.6 140 16.8 

Cases (Zane ... . 144 60 7.2 
Bullet- | Copper 12.6 84.15 6.849 
Jackets|Zinc .... = a 1.4 9.35 .761 
Totals Metal ...... 62.0 293.50 31.610 


Bullet requirements in non-ferrous metal jackets 
do not enter into the larger sizes which are steel 
projectiles with copper driving bands. 


Cadmium-Free Spelter—At the beginning of the 
last war it was the general belief among government 
and manufacturing authorities that the spelter used 
in cartridge brass manufacture must be cadmium 
free. An immediate price differential of many cents 
per pound was created in favor of cadmium-free 
spelter. Tests, conducted by the writer in 1914 
proved conclusively that this was a fallacy; 75 m.m. 
cases were made which withstood reloading on the 
proving ground 80 times, and more might have been 
added had re-necking facilities been available. 

With the very large, well organized, and coopera- 
tive brass industry largely centered in Connecticut 


411 







































































and with its record through 1914 to 1918, there 
seems to be no ground for doubt that this industry, 
together with U. S. arsenal production, can readily 
take care of any present demands from Washington. 

Fuses—The next large demand for copper and 
its alloys is in the manufacture of fuses. The U. S. 
Government specification for fuse rod used in this 
manufacture is: 


Permitted Desired 
Copper 58.5—61.5 60 
Lead 1.5— 2.25 2 
Iron O— 0.15 
Tin O— 0.15 - 
Nickel O— 0.15 seni 
Zinc Balance 38 


The weight of metal used per fuse naturally 
varies, but assuming the 21-second fuse, as now 
being manufactured, as an average, the gross weight 
of rod per fuse is approximately 5 lbs. Again the 
fact that fuse parts are now in part being made 
from aluminum introduces another variable. 

Again it is impossible to give accurate figures 
for the required production, but again it will be 
temporarily, at least, much less than the 1918 
requirements. 


Driving Rings—The next use to be touched on 
is the demand for copper driving rings for shrapnel 
and shell. This is a demand for pure copper in the 
form of rings, which are fitted into grooves in the 
shell and serve two purposes: 

1—Sealing off the powder fumes, and 

2—Providing a soft metal contact between the shell and 
the rifling of the gun. 

There are three methods of producing these rings 
which are in common use: 


(a) The rolling of the tubing into lengths of the proper 
diameter inside and out and which are then cut into rings 
of the proper height. 

_ (b) The piercing of the billets and thereafter drawing to 
finished dimensions and thereafter cutting into rings and 

(c) By blanking, cupping, and drawing the copper into 
required form. 

To provide an accurate average figure of driving 
ring requirements would require the development 
of values for all size of shells from 20 m.m. to 
18 in. together with figures of the proportionate 
number made in each size. This is, at the present 
time manifestly impractical. 

The same restriction on being able to give any 
accurate demand or quota for these rings holds as 
in the previous discussion. 

The above covers in general the principal direct 
demands on the brass and ammunition industries for 
copper and copper alloys in the manufacture of 
munitions. 


Nickel and Its Alloys 


As pointed out, during the previous war all bullet 
jackets were made of cupro-nickel. This has all 
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been superseded and substituted by gilding metal, 
therefore with the exception of small amounts of 
nickel used in plating primers, the direct use of 
nickel in ammunition manufacture has almost dis- 
appeared as far as non-ferrous alloys are concerned. 

There is, of course, a very large and very impor- 
tant demand for nickel in the manufacture of special 
steels, but this can and should be handled as part 
of the ferrous alloy discussion and is hence dis- 
regarded in this. 


Lead and Its Alloys 


The uses of lead and its alloys in the manufacture 
of munitions depends largely on its weight charac- 
teristic, plus its easy casting and forming ability. The 
slug for a 0.30 calibre bullet, regular type weighs 
111 grams each, with a composition of 90 per cent 
Pb, 10 per cent Sb, or approximately 16 Ibs. of this 
alloy per thousand. The 0.50 calibre bullet slug 
will vary for different types ranging from 64 grs. 
for the armor piercing bullet and 207 grs. for the 
tracer bullet, or between 9 and 30 Ibs. of metal per 
thousand slugs. The 0.45 calibre automatic pistol 
bullet has a core weighing 196 grs. of pure lead 
or 28 lbs. per thousand. 

Again the same restriction holds in an attempt to 
interpret these figures into expected demands, both 
in view of the present condition of the industry and 
its previous record. There is again, in my mind. 
no question of the industry's being able to meet 
expected requirements. 

A further large use of lead in munition manu- 
facture is in the production of shrapnel ball. During 
the last war when large bodies of troops were in 
close contact and massed, the use of shrapnel in 
spraying troops with heavy slugs, was very large. 

Judging from the course of the present war the 
use of shrapnel is likely very much less than the 
last world war and no fear need be felt in regard 
to the industry's being capable of taking care of all 
requirements. 


Aluminum and Its Alloys 


In recent years there has been a substitution 
effected by the use of aluminum in fuses, replacing 
part of the detnand on copper and its alloys. The 
amount of this above substitution is impossible to 
estimate. 

Of course, at the present time, the largest demand 
on aluminum is in the airplane industry, both in 
engine parts, for propellors and for fuselage. For 
engine manufacture and taking into account the 
present size of military airplane engines, it is be- 
lieved that approximately 1000 Ibs. of aluminum 
is supplied to the engine manufacturer per engine. 
This figure does not represent the actual weight of 
the metal in the airplane, but approximately repre- 
sents the weight supplied by the aluminum manu- 
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facturer to the engine maker and includes machine 
and other losses in fabrication. A further use is 
in propellors and can be roughly estimated as 200 
Ibs. per propellor where equipment propellors are 
used. I am not attempting any discussion of the 
amount of aluminum used in body construction for 
many reasons. Among these are the following: 

it varies tremendously with the type of plane 
being constructed, whether pursuit, fighter, bomber, 
or transport and again because it varies greatly with 
the make. The reader is in the position of being 
able to apply a marketability factor to the above 
figures as accurate as any guess that the writer could 
make. 

Inasmuch as the sources of raw materials—bauxite 
and cryolite for this industry—are almost wholly 
outside the United States territory the capability of 
the aluminum industry to meet demands on it would 
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seem, therefore, largely to depend on the keeping 
open of its lines of supply. 

There are, of course, innumerable miscellaneous 
uses of non-ferrous metals in the armament industry. 
Among these may be listed, if not discussed, the 
use of magnesium in aluminum alloys and in tracer 
bullets where a mixture of magnesium, and barium 
peroxide in a special capsule is used. The use of 
aluminum powder in the manufacture of incendiary 
bombs and the use of phosphorous combines in the 
manufacture of incendiary bullets. The use of mer- 
cury in the manufacture of fulminate of mercury. 
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REVIEW OF THE 
STRATEGIC METALS 


A strategic material is classed as one which is 
not available in the United States in sufficient quan- 
tity to meet the needs of a rearmament program— 
large quantities must be imported. Such materials 
may even be regarded as strategic even in peace 
times, the cutting off of a supply of any of them 
interfering decidedly with domestic manufacture 
and needs. 

Of the many metals and their alloys which are 
considered as strategic in the military or prepared- 
ness sense, the following seven are prominent: 


Manganese Tungsten 

Chromium Antimony 

Nickel Tin 
Mercury 


The importance of most or all of these materials 
is so definitely great that the present preparedness 
and defense program of the U. S. Government would 
fail if the supplies of at least some of them should 
be interfered with. We are dependent in large de- 
gree on importations. 








To clarify the present general situation as to these 
seven metals, we present on the following pages a 
series of reviews, written, whenever possible, by 
men of authority in those fields. It should be said 
that some difficulty has been experienced in obtain- 
ing these statements due to the relations of certain 
companies and men to the Defense Program. In one 
case it has been necessary for this office to supply a 
discussion on nickel, 

The relation of these strategic metals to any mili- 
tary preparedness program, together with the authors 
of the reviews, are briefly summarized as follows: 


MANGANESE: This metal is essential to all steel 
making operations—no steel of any kind can be 
made without manganese. We are dependent on im- 
portations for the major portion of our consumption. 
Thus far no substitutes, at least on any large scale, 
have been found. Martin Gentry, assistant to the 
president, Cuban-American Manganese Corp., New 
York, contributes this discussion. 


CHROMIUM: This element is essential in many of 
the important high grade steels used in military 
equipment of all types—armor plate, stainless and 
heat-resisting steels, aircraft steels, and others. The 
preparedness program would be seriously crippled 
without its availability. S. H. Dolbear, of Wright, 
Dolbear & Co., 17 Battery Place, N. Y., is the author- 
ity on this material. 


NICKEL: The place of nickel in a defense program 
1s analogous to chromium. 


TUNGSTEN: The many complex machining opera- 
tions involved in producing munitions and military 
equipment of all kinds is dependent to a large ex- 
tent on the metal tungsten—in high-speed steels and 
some of the carbide tools. It enters into other im- 
portant alloy steels. Molybdenum is a reliable sub- 
stitute in some cases and there are other carbide cut- 
ting materials. Dr. Colin G. Fink, professor of 
Electrometallurgy, Columbia Univ., New York, is 
the contributor—Chairman, Tungsten Committee, 
U. S. Munitions Board. 


ANTIMONY: A large use of antimony is in Stor- 
age batteries which are more than ever essential to 
any large scaie-mechanized military equipment pro- 
gram. And there are other uses. G. A. Roush, edi- 
tor of “Mineral Industry,” reviews this subject. 


Tin: This metal is a large factor in the military 
use of bearings, solder and tin cans. Direct substi- 
tutes are lacking, though there are partial ones. Dr. 
C. L. Mantell, consulting chemical engineer, New 
York, author of “Tin,” authoritatively writes this 
discussion. 

Mercury: The principal military use of this metal 
is a fulminate as a detonator. It is also a factor in 
anti-fouling paint for naval use. C. S. Webriy, of 
the Merchants Chemical Co., New York, is the con- 
tributor. 
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Manganese 





by M. B. GENTRY 


The present situation of the United States in 
relation to manganese is marked by important steps 
that are being taken toward decreasing the nation’s 
dependence upon distant foreign sources for its 
future supplies of this highly essential strategic 
material. 

A large new plant is being built in Montana to 
concentrate domestic manganese ore, an existing plant 
in nearby Cuba is being expanded, and the govern- 
ment in its national defense program is moving to 
build up reserve stockpiles and to encourage the 
development of deposits within our continental 
boundaries. 

Why Strategic—In reviewing the current man- 
ganese situation, it is advisable to consider first the 
broader aspects of the problem. Why is manganese 
a strategic material? How is it used? What coun- 
tries are the major producers? What percentage of 
consumption is supplied by domestic production ? 

Manganese is ranked by many authorities as the 
United States’ No. 1 strategic material. It is required 
as a deoxidizer and desulphurizer in the manufacture 
of every ton of steel, helping to produce a clean, 
sound metal. Approximately 14 lbs. of manganese, 
it is estimated, are used in making one ton of steel. 

The mineral is ordinarily consumed by the steel 
industry in the form of ferromanganese, an alloy 
containing approximately 80 per cent metallic man- 
ganese and the remainder mainly iron and carbon. 
Ferromanganese is produced from ore containing 
approximately 48 per cent manganese but preferably 
more. No substitute for ferromanganese in steel 
making has ever been successfully developed. 

A manganese shortage in time of emergency would 
constitute, therefore, a dangerous bottleneck cur- 
tailing the output of steel—not only for armor plate, 
tanks, guns and other military weapons but also for 
the less direct requirements of national defense, the 
bridges, trucks, trains, buildings, machinery. 

Im ports—Against this background of manganese 
indispensability, the United States in the period 
since the World War has been forced to import 
more than nine-tenths of its consumption of ferro- 
gtade ore. The great bulk of this ore has come 
from such far-off sources as Russia, leading world 
producer, India and the African Gold Coast. 

In 1937-1939, the United States imported for 
consumption an average of about 674,000 tons a 
year of its estimated average annual consumption of 
705,000 tons. 

Russia, which in some years has supplied as much 
as half of total imports, accounted for approximately 
34 per cent of the imports in that 3-yr. period. The 
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African Gold Coast sent 31, Cuba 18, India 9, and 
Brazil 7.5 per cent. Recently, South Africa has 
become a substantial supplier. 

Shipments from nearly all these sources upon 
which the United States has relied in the past are 
extremely vulnerable to attack on the seas. Ore- 
loaded ships, for the most part, must cross long 
stretches of unprotected waters and, in the event we 
were engaged in war, would be menaced by sub- 
marines and bombing planes. 

Russian manganese, shipped to America from the 
Black Sea port of Poti, must travel across 5,700 
miles of the Mediterranean and the Atlantic to reach 
Baltimore. India is 10,000 miles from Baltimore, 
South Africa 7,000, and the Gold Coast 4,900. 

Brazil, which during the 1914-18 World War 
developed into the United States’ foremost source, 
is a somewhat safer source, but in wartime, ship- 
ments even from that South American country would 
be vulnerable to attack, as the record of that first 
World War proves. Present rail facilities for trans- 
porting ore from mine to coast, furthermore, are 
inadequate to handle the greatly-expanded produc- 
tion that would be necessary if the United States 
sought to replace other imports with Brazilian 
manganese. 

In the last analysis, thus, the United States in an 
extreme emergency could count only on domestic pro- 
duction and such relatively safe nearby sources as 
Cuba, which at the nearest point is only 90 miles off 
the coast of Florida. 


American and Cuban Supplies —During the first 
World War, Cuba supplied a portion of the United 
States’ requirements and after the war, shipped small 
amounts, mainly from small high-grade deposits. In 
1930, the Cuban-American Manganese Corp. under- 
took the development of low-grade Cuban ores. The 
company succeeded in developing a flotation process 
that, for the first time, could be applied to oxide 
manganese ores. 


With the successful concentration there of ores 
of less than 20 per cent Mn to a grade of 50 per 
cent and better, Cuba during the past 3 yrs. was 
one of the United States’ three leading manganese 
suppliers. The Cuban-American company is now 
expanding its plant by approximately one-third to 
provide a capacity of 130,000 tons annually by 
Jan. 1, 1941. 

The United States has widely-scattered low grade 
deposits of a grade similar to those of Cuba, but 
domestic production, as has been noted, has supplied 
less than a tenth of the nation’s ferrograde ore con- 
sumption since 1918. The grave emergency that 
year, when imports had dwindled and continued 
steel production was threatened, pushed domestic 
production to a peak of 311,000 tons, about 35 per 
cent of consumption. 

During 1937-38-39, domestic production averaged 
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about 31,000 tons annually, slightly under 5 per cent 
of the estimated consumption. This domestic picture 
is brightened considerably, however, by the recent 
announcement of the Anaconda Copper Mining Co. 
of plans to construct a 100,000-ton concentration 
plant at Butte, Mont. The plant is expected to be 
completed early in 1941. 

The total capacity of both the finished Cuban- 
American and Anaconda plants does not, of course, 
come anywhere near equalling the total manganese 
requirements of the United States even during peace- 
time, but it does represent an important advance 
toward freeing the nation from dependence upon 
distant sources, an advance that had not been made 
prior to our entry into the first World War. 

Stock piles—Another step in manganese procure- 
ment that had not been taken before April 6, 1917, 
is the purchase by the U. S. Government of ore for 
stockpile purposes. This program was inaugurated 
late last year when the procurement division of the 
Treasury Department purchased the first 25,000 tons 
from Cuba. In all, the division has purchased 
86,500 tons, and most of this is believed to have 
been delivered. 

Subsequently, the Metals Reserve Co. was formed 
as a branch of the Reconstruction Finance Corp. to 
acquire manganese and tin. Contracts for 562,000 
tons of manganese ore, including deliveries to be 
made over the next 3 yrs. by Cuban-American and 
Anaconda, have been announced. 

To the growing government stockpile must be 
added the reserves of private industry. On Sept. 1, 
stocks in bonded warehouses totaled approximately 
850,000 tons, despite unusually heavy withdrawals 
during August. 


Electrolytic Manganese—Another factor to be 
taken into consideration in studying the manganese 
future is the electrolytic process which has been 
investigated by the U. S. Bureau of Mines. This 
process, which produces pure manganese (better than 
99 per cent manganese) from low grade domestic 
ores, is still in the experimental stage, but a plant 
erected in Knoxville, Tenn., by the Electro-Man- 
ganese Corp. has been turning out about 1500 lbs. 
a day. 

Even with all these favorable developments, the 
United States’ manganese problem is still a serious 
one. At a steel production rate of 90 per cent of 
capacity, a rate that was being exceeded in early 
September, the nation needs an estimated 850,000 
tons of ferrograde ore a year. Existing domestic and 
Cuban production facilities and those under con- 
struction can supply but a part of that. 


This production plus the reserves now on hand 
would give the nation a breathing spell of well 
over a year, however, in which to investigate and 
to develop the indicated avenues that lie ahead for 
meeting our manganese needs. 








Chromium 





hy SAMUEL H. DOLBEAR 


Chromite is classed as a ‘‘strategic’’ mineral. Inso- 
far as the United States is concerned, this is only 
correct in part. 

The problem should be considered from the view 
point of consumption by three industries, i.e., meta! 
lurgical, chemical, and refractory. In terms of or 
without regard to its chromium content, consump 
tion is distributed about as follows: 


Metallurgical 50 per cent 
Chemical 20 per cent 
Refractory 20 per cent 
Miscellaneous 10 per cent 


Insofar as ores which can be used in the manufac 
ture of high grade ferrochromium are concerned, th: 
strategic classification is correct. In the manufactur 
of chemicals, the controlling factor is one of econ 
omics which in normal times has led to the us: 
chiefly of ores containing 44 to 46 per cent chromi 
oxide. 

If technical practice had not advanced beyond 
that of 1918, ores for refractory purposes could, at a 
price, be produced in the United States in sufficient 
quantity to supply the trade. 

Sources of Supply—Disregarding Russian output, 
published figures of which must regarded with 
doubt, the most important sources of chromite in 
recent years have been Turkey, Southern Rhodesia, 
New Caledonia, South Africa, Yugoslavia, Cuba, 
Greece, and the Philippines. 

Unfortunately figures of production do not differ- 
entiate between ores of various grades. Ores from 
certain of these countries are entirely unsuited to 
metallurgical use, and in some cases are too low grade 
to be used for economic production of chromium 
chemicals. 
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Metallurgical Ore—The steel industry in the 
United States is dependent on the use of 70 per 
cent grade ferrochromium. This requires ore con- 
taining at least 48 per cent chromic oxide, and a 
chrome-iron (metallic) ratio of not less than 3:1. 
Any change from this basis would have its effect 
on efficiency in the industry. 

In Great Britain steel mills use ferrochromium of 
a chromium content of 60 to 65 per cent. Such alloy 
may be made from ore of a chrome-iron (metallic) 
ratio of 2.5:1. 

Upon the exhaustion of stocks and inability to 
obtain fresh supplies of high grade ore, American 
steel mills may need to adopt the British standard. 
Chief sources of metallurgical ore are Turkey, South- 
ern Rhodesia, New Caledonia, and India. Closing 
of the Mediterranean has cut off Turkish shipments 
at present. 

Stocks of high grade ore in private hands are 
the largest in the history of the industry. 

Specifications for metallurgical ore ordinarily call 
for a minimum of 48 per cent Cr,O,; iron (metallic) 
in an amount not to exceed one-third of the chrom- 
ium (metallic); and silica not over 8 per cent. 
There is, however, in industry no rigid insistence on 
these specifications, which may vary somewhat from 
these figures. Government specifications heretofore 
have been limited to lump ore containing not over 
10 per cent of fines which will pass a 1/,-in. mesh 
screen, 

Lump ore is preferable in the manufacture of 
ferrochromium although concentrates and fines are 
also used. 

Chemical Ores—Because it is more economical to 
do so, ore containing around 46 per cent Cr,O, is 
ordinarily used in the manufacture of chemicals. 
While a limit is sometimes placed on the silica 
content, its presence in greater or less degree has 
little effect on the value of the ore. Domestic pro- 
duction of lower grades could conceivably supply 
the chemical industry, but would increase costs and 
reduce plant capacity. The ‘“‘strategic’” importance of 
chemical ores is, therefore, less than that of metal- 
lurgical ores. The chief source of chemical ore is 
Transvaal, with lesser amounts derived from Greece, 
Yugoslavia, the Philippines, New Caledonia, and 
some other countries. 

Refractory Ores—In recent years the chief sources 
of these ores have been the Philippines and Cuba, 
with lesser amounts from Greece. The ore sought 
for the purpose js of such a chemical character as to 
produce, on heating, a chrome spinel. Philippine 
ore ordinarily contains: 


CrxO; (minimum) 32 per cent 
Fe (maximum) 11 per cent 
Al1,0; (minimum) 25 per cent 
SiO. (maximum) ‘5 per cent 


Philippine reserves are estimated at 8,000,000 tons 
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or more. Some Cuban ores are of similar composi- 
tion; reserves, while substantial, are smaller than 
those of the Philippines. The presence of a higher 
chromium content does not usually affect the price. 

Domestic Situation—In recent years mines within 
the United States have yielded only a few hundred 
tons annually. This has been chiefly used on the 
Pacific Coast. That domestic deposits are capable of 
expansion is shown by the history of operations in 
the 1916 to 1918 period. Prices during those years 
ranged as high as $1.00 to $1.25 per unit of 1 per 
cent Cr,O, per short ton, f.o.b. mines. In 1918, the 
highest year of record, production exceeded 80,000 
net tons. In California and Oregon many deposits 
near rail were exhausted and before the end of the 
war ore was being hauled 50 miles or more to ship- 
ping points. This would tend to decrease any further 
production rate. On the other hand, roads have been 
substantially extended during the intervening years, 
and the cost of truck operation substantially reduced. 

Large low grade deposits have been opened up in 
Montana by the U, S. Bureau of Mines and the Geo- 
logical Survey. Their chromium-iron ratio is around 
1.6:1 which makes them unsuitable for metallurgical 
use by established methods. Research by the Bureau 
of Mines and by private agencies has been directed 
toward some plan to utilize this ore. Until such 
work has been carried further, it cannot safely be 
relied upon as a factor in national security. 

Domestic deposits have yielded small tonnages of 
metallurgical ore in the past. Deposits in Alaska 
and Washington may yield larger amounts if they 
are developed and equipped but, so far as explora- 
tion has gone, do not indicate the presence of ton- 
nages sufficient to supply the industry over any pro- 
tracted period. 


Some deposits in the Pacific Coast area are capable 
of yielding substantial tonnages of milling ore which 
can be beneficiated to yield high grade concentrates. 
These are probably more important potential sources 
of domestic supplies at present than low grade de- 
posits of Montana and other places which do not 
respond to this treatment. 


Summary—A large part of the chromite supply 
of the United States in recent years has come from 
deposits controlled by belligerents in the present war. 
In most cases long ocean hauls are involved. Sup- 
plies from Turkey and other Mediterranean sources 
have been decreased by military operation in that 
region. Other sources at present available may be 
threatened by further military developments. 


Fortunately consumers’ stocks in the United States 
are large. These have been supplemented to some 
extent by government stockpile purchases. Domestic 
mines cannot be considered as a readily available 
reserve in case of emergency. During the World 
War about 2 yrs. was required to bring about sub- 
stantial production. 
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In the case of extreme emergency industry can 
be adjusted to use ores of somewhat lower grade, 
but at increased cost of production and at decreased 
efficiency of operation. 


Nickel 





by EDWIN F. CONE 


Nickel has been classed as a strategic metal because, 
of the total American consumption, an insignificant 
amount is obtained in this country. The great bulk 
comes from Canada. That this metal is essential to 
any military program is self-evident. 

As the war has progressed, nickel has become the 
least strategic of all the seven metals. This is due 
to the formation of the cooperative defense commis- 
sion between Canada and the United States. This 
practically insures ample supplies for the duration of 
the war—unless the fortunes of the British Empire 
turn out more disastrously than is at all probable. 

Importance—It is stated by one authority that 
“next to manganese, nickel is probably the most im- 
portant metal in the development of a modern muni- 
tions program, and it is one of the few for which 
the country is practically entirely dependent on out- 
side sources for its supply; there is no direct produc- 
tion of nickel in the United States, such small output 
as does exist (a few hundred tons a year) being a 
by-product of the electrolytic refining of copper.” 

Some regard chromium as equally important, or 
more so than nickel. ‘“‘But without nickel and chrom- 
ium,’’ says another authority who classes tungsten 
with these two metals, ‘‘no battleships and no guns; 
without chromium and tungsten, no tools for the 
efhcient fabrication of the countless parts and prod- 
ucts that enter into modern armament.” 

Requirements—The consumption of nickel has 
expanded rapidly, due in part to new uses, developed 
largely by the International Nickel Co., through re- 
search. In 1913 the world output was 32,700 metric 
tons, increasing to 47,900 tons in 1918. After de- 
clining during the first war depression, it rose to 
57,000 tons in 1929 and then, after further declines 
to 20,000 tons in 1932, it advanced to 113,000 tons 
in 1937. Consumption in this country in 1937 was 
45,900 net tons. A reliable estimate of the quantity 
to be used in our preparedness program is not avail- 
able. 

Metallurgical Uses—The use of nickel enters into 
many ferrous and non-ferrous products, most of 
which have military significance—alloy steels of 
many types; alloy cast steels; alloy cast irons, low, 
medium and high nickel; stainless steels of many 
kinds; non-magnetic and highly magnetic alloys; 





nickel silver, nickel bronzes, nickel brasses, copper- 
nickel alloys, nickel-aluminum alloys, malleable nick- 
el, and so on. 

Many of the military uses are identical with the 
ordinary industrial uses, but in addition to these, 
there are many strictly military uses. 

In the Airplane—The importance of the airplane 
in war has been the one outstanding demonstration 
in the present European hostilities. Nickel, as well as 
aluminum, is essential. Quoting from a recent state- 
ment of President R. C. Stanley of the International 
Nickel Co.: 


Nickel steels and nickel alloys are widely used in air- 
plane engines and this use exemplifies the diversified 
and exacting conditions for which these nickel-bearing 
metals are specified. Metallurgists have been able to 
provide materials which permit design changes and 
the use of improved fuels. Thus there has been de- 
veloped the present highly efficient power unit which 
weighs approximately one pound per horse power 
generated. Nickel steels with high fatigue resistance; 
nickel-aluminum alloys with increased tensile 
strength; nickel-chromium, resistant to the attack of 
exhaust gases; and other alloys of high nickel con- 
tent, which stand up in the combustion chambers, 
have all contributed to this advance. 


Substitutes—The problem of substitutes for any 
strategic metal is important—particularly manganese. 
Very few, if any, substitutes for nickel have been de 
veloped—they have not been needed due partly to the 
cheapness of the metal and the newness of the de 
velopments of its uses, and also because many of the 
uses of nickel are themselves substitutes for some 
other metal or alloy. 

Germany has very limited supplies of nickel bu 
in her armament program one substitute, particular]; 
in stainless steels and other high nickel materials 
has been manganese. Other substitutes used are no 
known. 

Gilding metal, a special type of brass, instead o! 
cupro-nickel for bullet jackets has been developed 
and other alloy steels might displace certain ones 
containing nickel. 

Vital as nickel is to any military preparedness pro 
gram, American industry is not likely to be in want 
of supplies nor in need of substitutes. 


et ad 




































Tungsten 





by COLIN G. FINK 


Tungsten has been a strategic metal in most coun- 
tries ever since the introduction of tungsten steels 
and tungsten alloy tools. 

Cutting Tools—Tungsten tools cut a hundred times 
faster than the old carbon steel tools and tungsten 
alloys are among the very toughest alloys used for 
instruments of offense as well as defense. Some es- 
sential properties of tungsten steels have been known 
for over 75 yrs. Self hardening steel tools were in- 
vented by Robert Mushet between 1860 and 1870. 
But not until the Paris Exposition of 1900 did the 
modern era in tool steels begin. At that time, 
Frederick W. Taylor of Philadelphia first exhibited 
to the astonished gaze of incredulous machinists and 
metallurgists the spectacle of a tool cutting so fast 
and so deep that it delivered steel chips at a blue 
heat and in amazing quantities. A few years after 
this exhibition, Ellwood Haynes of Kokomo, Ind., 
introduced the cobalt-tungsten-chrome alloys, uni- 
versally known today as the stellite high-speed tool 
alloys. A familiar stellite composition is 10 to 15 
per cent W, 45 to 52 per cent Co, and 28 to 32 per 
cent Cr. A familiar Taylor steel composition is 18 
per cent W, 4 per cent Cr, and 1 per cent V. 

A few years ago, a third type of tungsten tool 
was introduced into industry, namely, tungsten car- 
bide, usually cobalt-cemented and a product of 
powder metallurgy. This product is so hard that it 
has replaced the more expensive diamond in many 
applications. It is much harder than but not as tough 
as the Taylor or stellite tungsten alloys. 

Occurrence—Tungsten occurs in nature predom- 
inantly as the tungstate of iron, mineralogically des- 
ignated as ferberite; and the tungstate of calcium, 
scheelite. Less frequent is the occurrence as such of 
the tungstate of manganese, hiibnerite. As a rule, 
hiibnerite is associated with ferberite, the latter 
usually predominating in the so called mineral “‘wol- 
framite,” the iron-mapganese tungstate. The steel in- 
dustry, which consumes over 90 per cent of the 
world’s tungsten, prefers, as starting material, the 80 
per cent W ferroalloy which must be practically 
free from deleterious impurities such as tin and 
arsenic, frequently found in tungsten ores. A big 
boom to the tungsten steel industry was the com- 
mercialization of the electric arc furnace. Tungsten 
is the highest melting of all metals (3360°C.) and 
no fuel fired furnace can even approach this tem- 
perature. The melting point of pure 80 per cent 
ferrotungsten is 1640 deg C. 

The economically important tungsten ore localities 
are almost all situated in that great horse-shoe-shaped 
chain of mountains bordering on the Pacific Ocean 
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and extending from the southern end of Malaysia 
north through Alaska and south through Canada 
and the United States, Mexico and South America 
(Andes). By far the largest producer of tungsten 
ore for the past 20 yrs. has been China. Here the 
mineral is primarily wolframite and, although min- 
ing methods are relatively simple and crude, mining 
and transportation costs are the lowest of any. 
They are about 1/5 or 1/6 of the cost of mining 
tungsten in the United States. 

Domestic Tungsten—Before the advent of China 
in the tungsten market, Burma and the United States 
contended for supremacy as the largest world pro- 
ducer. But with the receipt at San Francisco of 
Chinese wolframite concentrates, selling at a profit, 
at $1.50 and $2.00 per unit, the United States tung- 
sten industry virtually collapsed. And it required 
a protective tariff to partially resuscitate it. The 
U. S. Bureau of Mines in a recent report states that 
although “tungsten may be considered as a first 
priority strategic mineral, the position of the United 
States in this commodity is less severe than in the 
case of manganese, tin and chromium.” For a num- 
ber of years past, Nevada has been the largest tung- 
sten producing state. The total United States pro- 
duction in 1939 amounted to 3900 metric tons of 
60 per cent WO, concentrates as compared with a 
total consnmption of 4750 metric tons and a world’s 
tungsten production of 40,000 tons. 


Just as cheap Chinese tungsten ore crippled tem- 
porarily the tungsten mining industry of the United 
States, so likewise was the reaction in other tungsten 
centers such as British India, Bolivia, Argentina, 
Spain and Portugal. (The Iberian peninsula is the 
only large, significant source of tungsten in Europe.) 
And while these countries were engaged in re-estab- 
lishing the lost source of revenue, Germany at once 
encouraged further development of tungsten ore 
production in China, placed no restriction on its im- 
portation and for almost 10 yrs. before this present 
world conflict started, piled up a vast tungsten ore 
pile in Germany far in excess of peacetime require- 
ments and sufficient in quantity, as variously esti- 
mated, to supply her for six more war years to come, 
assuming no further importations. 


Conclusion—Fortunately, our own tungsten fe- 
sources comprise high-grade deposits usually free 
from deleterious impurities. And we feel certain 
that in an emergency the output of Nevada, Colo- 
rado, California and of other states can be increased 
many fold. Furthermore, tungsten’s sister metal, 
molybdenum, can be substituted, in part at least, for 
tungsten in many important steels. And the United 
States has the largest molybdenum mine in the world, 
supplying over 85 per cent of the world’s require- 
ments, 

Also, radical advancements have been made in tool 
design as to economies in tungsten (and cost) so 
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that only the cutting edge, but not the shank, is 
made of tungsten steel or stellite. 

And finally, the magnet alloy industry has been 
completely revolutionized during recent years. The 
permanent magnet steel carrying 4 per cent tung- 
sten has been surpassed in quality and performance 
by the aluminum-nickel-cobalt alloys. 

Nevertheless, when peace comes, it will be the 
tungsten alloys and their manifold applications that 
will be foremost in hastening the return of normal 
pursuits. 


Antimony 





by G. A. ROUSH 


The commercial and strategic aspects of antimony 
have been radically altered during the past decade, 
largely through the establishment in 1931 of a do- 
mestic smelting plant using Mexican ores; a second 
factor of importance has been the growing demand 
for antimony compounds, especially the oxide, which 
is used as a pigment in fusible enamels and nitro- 
cellulose lacquers. 

Between these two factors a wholly new set-up has 
developed in the domestic situation. The antimony 
supply of the United States in 1929 was quite typical 
of that of the years preceding, and may well serve as 
an example of the status just preceding the establish- 
ment of the domestic smelting industry and the dis- 
turbances resulting from the prolonged industrial 
depression. During the past 25 yrs. antimony con- 
sumption in the United States has absorbed from 
one-third to two-thirds and has averaged somewhat 
under one-half of the world output of new metal. 
Consumption in 1939 recovered from the 1938 re- 
cession, and while some of the final data are still 
lacking, those at hand indicate a general level about 
the same as in 1937, which may then be taken as 
representative of conditions in 1939, for comparison 
with 1929. This comparison brings out some inter- 
esting and pertinent points. 

Domestic Smelting—The first smelter went into 
operation at Laredo, Texas, in 1931, using Mexican 
ores, and until 1938 this was the only plant in 
operation, aside from the long-established output of 
hard lead, some of which was from domestic and 
some from foreign ores. In 1938 a plant in Los 
Angeles began the treatment of antimony-mercury 
concentrates imported from Mexico; thus far this 
plant has operated only on a small scale, apparently 
about 200 tons of antimony a year. During 1940 
another small plant is expected to go into production 
at Kellogg, Idaho, to treat antimony-bearing ores of 
the Coeur d'Alene region. 


Sources of Supply—In 1929 the total apparent 
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consumption of antimony in the United States was 
about 30,000 net tons. Following the heavy slump 
during the depression, with a low of 12,150 tons in 
1932, consumption recovered to 26,200 tons in 
1937, but the type of consumption and the sources 
of supply had been radically altered, as may be seen 
from the following table of comparison of antimony 
consumed in the United States. 


1929 1937 
Short Per- Short Per- 
Tons cent Tons cent 


In crude imported 1,350 4.5 580 2.2 
Metal imported 10,560 35.2 610 2.3 
In alloys imported 300 ~=—«i1.0 410 146 
Smelter output, metal None 4,060 15.5 
Smelter output, alloys 3,050 10.1 1,640 6.2 
Secondary metal recovery 11,130 37.1 12,340 47.1 


In compounds, 

domestic and imported 3.650 12.1 6,560 25.0 
Total 30,040 26,200 

As a result of the establishment of domestic smelt- 
ing, imports of metal have almost disappeared, and 
have been replaced by ore imports. This shift na- 
turally made a corresponding shift in the sources of 
supply, as shown in the following tabulation of the 
percentage distribution of the total imports since 
1915, dividing the time into three periods: The first, 
1915-1930, previous to domestic smelting; the sec- 
ond, 1931-1935, covering the years required to put 
the smelting industry on an established basis; and 
the third, 1936-1939, covering subsequent years to 
date. The sources of antimony imports into the 
United States: 


Imported from: 1915-1930 1931-1935 1936-1939 
China 75.8 43.4 6.0 
Mexico 8.1 48.0 62.2 
South America 7.0 7.3 29.6 
Others 9.1 1.3 0.2 


Each of the four lines of this table has an im- 
portant significance. First, Chinese imports were 
largely metal, and have now been reduced to insig- 
nificant proportions, the larger proportion of which is 
crude and oxide. Second, Mexico has practically 
entirely replaced China, by furnishing a more acces- 
sible ore supply for the domestic smelters. Third, 
South American ores, chiefly from Bolivia, during 
the first and second periods were of only minor im- 
portance, but during the third period have grown to 
a quite material proportion of the total; it is largely 
from these ores that the increased output of oxide 
has been made. And fourth, Mexican and South 
American ores have practically completely replaced 
imports from other sources, so that, except for the 
small amounts still received from China, the domes- 
tic antimony supply is centered in the Western 
hemisphere. 

The growing demand for South American ores 
has resulted from the gradually increasing consump- 
tion of antimony oxide, which, as shown by the 
first tabulation, has more than doubled in con- 
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sumption during the past decade, and still continues 
to expand. Curiously enough, this seems at the same 
time to have been accompanied by a decline in the 
demand for metal. In 1929, new metal and alloy 
content made available by imports and smelter out- 
put was 46.3 per cent of the total consumption, 
while secondary metal supplied 37.1 per cent, mak- 
ing a total of 83.4 per cent consumed in metals and 
alloys, against 12.1 per cent in compounds, chiefly 
oxide; in 1937 the proportions in new metal and 
alloys had dropped to 25.6 per cent, while second- 
ary metal had increased to 47.1 per cent, a total of 
72.7 per cent, against 25.0 per cent in compounds. 
The ratio of metal to compounds in 1929 was 6.9, 
but in 1937 this had dropped to 2.9. 

Strategic Aspects—The establishment of domes- 
tic smelting has put the strategic position of anti- 
mony on a much more favorable basis than formerly 
existed. The consuming industry is supplied from 
sources not only far more accessible, but almost en- 
tirely in the Western hemisphere, a fact that under 
present conditions is of prime importance. Were 
the United States now largely dependent, as it was 
10 yrs. ago, on China as the main source of supply, 
the needs of the present rearmament program would 
at the best be seriously hampered; and considering 
the current situation in China and the attitude of 
Japan, supplies might well be cut off completely. 
The possibility of interruption of present supplies by 
outside agencies is much less likely, and transporta- 
tion difficulties are materially reduced. 

The existence of an established smelting industry 
in the United States also improves the strategic sit- 
uation in other ways. The stocks of ore and metal 
normally maintained will be larger; it will be much 
easier and quicker to expand the capacity of an 
established smelting plant if and when emergency 
supplies are required than it would be to build a 
new one; and likewise, the expansion of an already 
operating ore supply will be simpler than the devel- 
opment of a new one. 


Thus far the operation of domestic smelting has 
not had any effect on domestic ore production, no 
smelting of domestic ores having been carried on 
since the First World War, except for the usual run 
of hard lead. The new plant at Kellogg, Idaho, will 
be the first recent attempt to utilize domestic ores 
for the production of antimony metal, and therefore 
represents an important step in the program, but 
one in which possible future development is prob- 
lematical, except under emergency demand and at 
prices scaled to fit the conditions involved. 

Uses—In 1918 it was estimated that 11 per cent 
of the domestic antimony consumption went into 
ammunition. Future war demand for direct munt- 
tions work will be much less than this, as shrapnel is 
no longer used so extensively; but the same change 
that has outmoded shrapnel (the advent of motor- 
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ized equipment) has enormously increased the poten- 
tial demand for antimony in storage batteries for use 
in the motorized equipment, and at the same time 
the civilian use of motor vehicles has been expand- 
ing rapidly. Where only 4.8 per cent of the anti- 
mony consumption went into storage batteries in 
1918, this had grown to 28 per cent in 1928; no 
official consumption distribution figures are available 
since 1928, but in the meantime motor vehicle regis- 
trations have increased by about one-quarter, so that 
at the present time it is probable that more than one- 
third of the antimony consumption is going to stor- 
age batteries. As a matter of fact, taking into consid- 
eration the various other forms in which antimony 
enters into automobile construction (bearing metals, 
white alloys, rubber, pigments, etc.), it may be 
anticipated that the automotive industry now absorbs 
half or more of the total antimony consumption. 

Mention has already been made of the increased 
use of the oxide, which in 1937 took one-fourth of 
the consumption, and this, combined with the size 
and importance of the figures referred to just above, 
emphasizes the desirability of having a new detailed 
survey made of the consumption of antimony, so 
that trends away from the former uses may be esti- 
mated more accurately. It is evident that radical 
changes have been made, but only a systematic and 
careful survey can give an accurate picture of pres- 
ent conditions and what we may expect in the future, 
and any estimate of possible future emergency 
demand is dependent on this information. 


Tin 





by C. L. MANTELL 


Tin is classed as a strategic material in that the 
United States, the major consumer, produces none, 
while the major producers consume little. From the 
advent of tin metallurgy to the present, about three 
quarters of all the metal has been obtained from 
ores originating in a relatively small geographic 
area which includes the Federated Malay States, the 
Netherlands Indies, Siam, Burma, Indo-China, and 
lower China. South America (mostly Bolivia) has 
contributed 12 per cent, all of Europe (including 
the British Isles) less than 11 per cent, Africa less 
than 11 per cent, and North America 0.02 per cent. 
All of the tin won in North America from the 
birth of the United States would satisfy normal 
American consumption for less than a week. The 
United States industry is more completely dependent 
on faraway sources of supply of tin than is the case 
with any other material. Insurance against interrup- 
tion must take the form of adequate stock piles. 

The statistical record of tin imports and moved 
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TABLE 1*—Salient statistics tor tun in the United States, 1925-29 (average) and 1935-39 





1925-29 1935 1936 1937 1938 1939 
Production— (average) 

Wrgen Gamemetie WA o.6a kon 5s hs pester eaée on long tons.. 24 44.5 101.0 168.4 95 341 
Prom GOCOMGAry GOURCES onic ccc ccc cc twccstens Gs Fax 30,600 24,900 25,000 27,100 21,080 (?) 
Imports for consumption (metal) .............eee00e. ss cae 78,009 64,258 76,029 88,115 49,699 70,102 
Exports (domestic and foreign) .............ceeceeees GB... ok 1,740 2,292 3 3863 3134 2053 1,997 8 

Monthly price of Straits tin at New York: 
Pe aE SED 5 oo a oe eb PN hae e eas ok cents per pound.. 70.67 52.29 51.85 62.71 46.23 63.50 
FE Oia weno Wie be Rk de LMR cd oo VCR 5a Cee th He GOivacs 39.79 46.91 42.22 42.85 36.84 45.62 
NO, i, Se th | aia & asia oid ara 4 .& Uns wines. ans ee Se 56.64 50.39 46.42 54.24 42.26 50.20 
Wee ER: Sk pe wkisass cc baw exe ates oe cabebawire long tons.. 163,000 135,300 179,000 211,200 159,900 181,000 
Ratio United States imports to world production..per cent.. 48 47 42 42 31 39 
1 Subject to revision. 
* Data not available. 
* Figures for 1935-39 cover foreign only; domestic not separately recorded. 


*“Minerals Year Book,” U. S. Bureau of Mines. 


production in its relation to the United States speaks 
for itself. (Table I). 

Smelting—-The United States uses nearly half of 
the world’s production of tin, an amount which is 
greater than that of all the other leading industrial 
nations combined. It depends on smelters in Malaya, 
England, China, and the Netherland E. Indies; 
formerly supplies also came from a smelter in the 
Netherlands. Ore originating in Bolivia crosses 
the Atlantic Ocean to England so that later in 
the form of tin it may recross the Atlantic to New 
York, 

For practical purposes, large smelters do not yet 
exist in the United States, although all the technical 
information, plant experience, and completed devel- 
opment work are available to enable us to treat “foul” 
Bolivian ores and produce satisfactory metal. Dur- 


TABLE I1*—World smelter production of tin, 
1925-29 (average) and 1935-39, by countries, in 
long tons 


[Compiled by R. B. Miller] 
1925-29 1935 1936 1937 1938 1939 


Country (average) 

SE ec daad. 68408 591 591 734 1,093 (4) 
Australia ...... 2,952 2,837 2,717 2,907 3,229 (3) 
Belgian Congo... ..... 1,588 1,955 2,313 2,283 () 
Belgium? ...... 720 4,000 5,100 4,900 6,800 (*) 
British Malaya*. 88,855 60,479 84,591 95,372 63,746 81,536 
Re eee 7,080 9,700 10,400 11,100 11,200 @) 
Germany® ..... 3,444 2,042 2,293 2,671 3,000 (*) 
BUEN aapeestbee coves 241 286 75 271 ©) 
Pi ee ere 606 2,036 1,841 1,850 1,900 () 
Netherland E. 

SO Fs weave 14,749 11,221 12,854 13,757 7,207 14,788 
Netherlands ? 1,000* 15,600 20,900 26,600 25,561 15,024 
NOSWOP) ceils cece (@) 454 233 241 254 = () 
Portugal ....... 2? BY eae eae 39S «@) 
Thailand (Siam) 113% (*) (*) es ~ SSeaee (*) 
United 

Kingdom? ... 45,800 29,100 34,200 33,800 36,200 (*) 








165,000 139,900 178,000 196,300 162,800 (*) 





1.Data not yet available. 

2 Estimated. 

* Exports plus difference between carry-over at end and be- 
ginning of year. 

* Exports. 

5 Includes production of some secondary tin. 

* Estimated production in 1929. 

T Average for 1926-27. 

® Average for 1926-28. 

® Less than 1 ton. 

* “Minerals Year Book,” U. S. Bureau of Mines. 


ing the first World War several successful smelters 
operated, but the last of them ceased in 1924. Twice 
in the past tin smelters were established in the United 
States. Political control in the shape of an export 
duty on concentrates caused the failure of the first, 
while commercial control due to more favorable ec- 
onomic conditions abroad put an end to the second. 

Sources and Distribution—The world sources of 
tin are indicated in Table I]. The industrial distribu- 
tion of primary (or imported) tin and secondary (or 
“circulating’’) metal is indicated in the Table II], 
while the sources of the original metal are indicated 
in Table IV. 

Uses.—The major uses of tin are tin plate, solder, 
bearing metals, bronzes, type metals, collapsible tubes, 
foil and tin chemicals. 

For many of these uses substitutes find employment 
in times of stress. In the case of foods, other than 
for esthetic reasons, a considerable number of them 
may be packed in black plate. In recent years steel 
electroplated with silver has been suggested for con 
tainers, copper-plated steel for oil cans, aluminum 
(particularly in connection with fish), stainless irons, 
as well as base metals carrying organic coatings. 
Enamelware, aluminum, and nickel have largely re 
placed tin plate in cooking utensils while copper, 
zinc, and lead-coated products have supplanted tin 
and terne plate for roofing. Tin foil has suffered 
from competition of aluminum, cellophane, transpar- 
ent papers, and lead, while in collapsible tubes alum- 
inum and lead for nonfood purposes have made in- 
roads. Development work on zinc collapsible tubes 
has been carried to the stage of commercial usage 
during emergencies. 

Effective recovery of the tin from tin plate. clip- 
pings is made, but the tin content in the average can 
is lost in the garbage dump. Severe dislocation of 
natural silk by rayon has markedly affected the con- 
sumption of tin chemicals for weighting so that by- 
product metal, oxides, and plating chemicals are 
produced instead. Tin oxide as an opacifying agent 
in glass and vitreous enamels meets effective compe- 
tition from oxides of antimony, titanium, and zir- 
conium. 
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TABLE Ill*—Consumption of tin in the United States, 1936-38, by finished products 
(tin content), in long tons 














1936 1937 1938 
———_— \ or er —“_—_——————_, 
Primary Secondary Total Primary Secondary Total Primary Secondary Total 
ee NN od oc ar Wh isis SER R408. a ew wee Sane... > Saou 33,750 SOS ako 39,221 25,990"... wewer 23,545 
I, WN kc c-cd es Sea S640 3.s neem 369 943 1,312 382 1,015 1,397 264 743 1,007 
I ee es ae ae 12,068 6,682 18,750 12,026 7,832 19,858 7,590 5,208 12,798 
ET i otto Dut) + ha oslo eR eeee + dale 5,070 1,609 6,679 4,501 2,272 6,773 2,893 1,264 4,157 
SS ee ee ena to ir ge ery 3,559 2,631 6,190 3,712 2,784 6,496 2,334 1,598 3,932 
Cee” CHUER: 66 ci savers eae ave Se oe 3,556 3,571 (*) 3,571 > ee 3,427 
 cetas aa GY die ba a Bold OR ERS 2,377 13 2,390 2,585 67 2,652 1,738 35 1,773 
HP iat knw Ske ae Oe Ce Y Owe Reed's 0 «8 1,645 43 1,688 1,456 4 1,460 879 (?) 879 
Chemicals (other than tin oxide).... 209 1,346 1,555 171 1,331 1,502 166 910 1,076 
PISS “Se COR oc ccwricccccsan 1,401 82 1,483 1,278 18 1,296 948 (*) 948 
ae EE i vt e's 0 6-do-* iiina , 969 361 1,330 793 411 1,204 547 444 991 
te: le , : 253 919 1,172 22 1,140 1,361 134 978 1,112 
Galvanizing a A a Sree ae 1,016 997 (?) 97 792 Ete 8 792 
Bar SOLES PE ae 5 ee ae es 656 84 740 652 174 826 456 213 669 
Miscellaneous alloys .............. 418 62 480 482 24 506 238 19 257 
es ae pb ak es ee do 00 de we 358 9 367 374 33 407 390 44 434 
Miscellaneous ........ , + ae 558 34 592 506 97 603 371 107 478 
68,232 14,818 83,050 72,928 17,202 90,130 46,712 11,563 58,275 


1 Includes small quantity of pig tin derived from detinning operations; Bureau of Mines not permitted to publish separate figures. 
2 Small quantity included under ‘‘Miscellaneous.”’ 


3In 1936 pure tin tubing required 1,476 tons and tin-lined tubing 7 
separately after 1937. 
***Minerals Year Book,” U. S. Bureau of Mines. 


tons; in 1937, 1,286 and 10 tons, respectively; not reported 


Solders—In solders, cadmium alloys have been 
proposed and found some use, while bearing metals 
of the babbitt type are being replaced by other alloys 
or by mechanisms such as ball and roller bearings. 
Copper-lead, calcium-lead, cadmium-copper-lead, 
cadmium-silver alloys are all employed as effective TABLE IV* 
and prospective savers of tin. In the bronzes no sat- 


ber of locations. The tin content in a pile of old cans 
in a refuse heap would show a higher tin value than 
most of our available ore sources. Increases in sup- 
ply resulting from increased prices of tin would 














1938 1939 
isfactory substitute for tin exists, but other alloys of c eaten... cee 
: ; a Country t ral Long t¢ 
copper, particularly with aluminum, silicon, or man- te ee eae een .vere 
| b pS SCRE ET 482 $437,762 251 $256,516 
ganese, Can replace bronze. Australia .......... 130 126,914 250 256,498 
+1: ae : Belgian Congo ..... 75 77,376 100 123,220 
Military uses of tin in general ase adaptations of Belgium ».......... 395 394,518 1,320 1,429,471 
the ordinary industrial applications, but in times of Bolivia ies sess 25 pa SST Meee Te 
. ; British Malaya..... 36,673 32,952,813 46,785 47,139,136 
conflict between nations the consumption of tin, par- a auagitiatil fe 8908 : 2'358 
ticularly as tin plate, tin cans, solder, and tin alloys, — teeter eee e ney — mats 3,259 3,015,954 
. . . Doe ceteoeerée-e -- RB. :° — \S-RED!''"guceveee - © @68ePe08 
markedly increases. The status of tin in a prepared- Germany .......... 20 a are eae 
ness program would be improved by the appearance Se sas? * 1,204 1,034,384 a ge 
of commercial smelters in the country, backed by ade- Netherland India... 3,096 2,716,274 §,316 5,442,528 
; Netherlands ....... 2,216 2,062,990 1,008 1,018,181 
quate stock piles to cover normal requirements of Dassen (Oameh Ramth .<ccs ocecccnc (3) 91 
two or more years. With tin metal normally avail- DEEL Vateteske’ snede- = ‘omkatbus 25 27,227 
abl k b titut is | ly sti lat d b BOREL. oc vase seces (*) SS. atunvies (oe00eebes 
©, WOK On SUDSUMNES 18 largely stimulated by some United Kingdom.... 3,287 3,200,669 10,698 10,855,574 
competitive material which seeks a place in the sun. : 
49,699 44,860,324 70,102 70,590,764 
These substances, however, act more as a brake on 





the tin price than as a mechanism of elimination of 


tin. In times of stress, however, they may become 
important aids. 


1 Bar, pigs, blocks, grain, granulated, or scrap, and alloys, 
chief value tin, n. s. p. f. 
2? Less than 1 ton. 


* “Minerals Year Book,” U. S. Bureau of Mines. 


American Smelters—Two American smelters, op- 
erating on Bolivian ores are now in operation, a 
third is contemplated. Output is not large enough to 
have any appreciable effect in reduction of imports. 

In a commercial sense the United States or its pos- 
sessions has never produced any tin ore, although 
specimen deposits are known to exist in a large num- 
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come from secondary sources rather than mining. Un- 
til exports were restricted, tin plate scrap in large 
quantities left the United States. As a conservation 
measure, the same procedure should be adopted for 
drosses, slags, and tin-bearing materials so that the 
tin recovery from these secondary sources may be 
carried on in the United States to augment our supply. 
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Mercury 








by C. S$. WEHRLY 


The cycle theorists adapt their formula to many 
uses. Possibly present phraesology is but a reword- 
ing of old beliefs. Atomic change was expressed in 
terms of a common metal of which mercury was an 
element. Recent trials proved the inadequacy of 
present methods to transmute mercury to gold, the 
value of each is definite. 

The low tenor of mercury ore treated in this coun- 
try is paradoxically of definite benefit. For over 20 
yts. the average metallic content has been but slightly 
over 0.60 per cent, while for the past 10 yrs. this has 
declined to under 0.40 per cent. Even with the pres- 
ent duty of over $19.00 per flask, prices in this coun- 
try are definitely dependent upon prices quoted by 
Spain and Italy. Thus during periods of low prices 
our production declines, the converse being equally 
true. Thus we have a balance or brake upon the hun- 
dred odd mines now reporting production which acts 
to hold our ore in the ground during poor periods 
and permits fullest operation during peak times. This 
may be deplored by the producers themselves but 
reacts to the Nation’s benefit. 

Output and Prices—Mercuty was classified as a 
strategic metal by the Government and placed upon 
the export license list. With the jump in prices from 
slightly over $80.00 in the summer of 1939 to over 
$200.00 within one year, production, which always 
lags from six to twelve months, rose from about 1500 
flasks per month to 2200 as reported for February, 
1940—2500 for March—2700 for April and 3100 
for May. 

With a present normal consumption need of from 
26,000 to 30,000 flasks per annum this country al- 
most from its initial recorded production in 1850 of 
nearly 8,000 flasks, had up to 1921 been able to ex- 
port certain quantities. From that year until the 
present we have been forced to import to make up a 
deficiency. We are at present freed from the neces- 
sity of importation but controlled by conditions out- 
side of this country. 


These supplies have come from the three other 
nations that commercially produce mercury—Spain, 
Italy and Mexico. While the metal has been found 
and refined in China, Russia, Germany, Turkey, 
Africa, Australia, New Zealand, Chile, Peru and 
other places, it is only these three nations who have 
produced sufficient quantities to have a marketable 
surplus. With Mexico’s output of from 6,000 to 
10,000 flasks, Spain and Italy have supplied the 
world’s needs, normally over 100,000 flasks. Top 
production has shifted between Spain and Italy but 
with the recent (1928) agreement, a common selling 
arrangement eliminated competition between them. 
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The dominance of these two countries rests in vast 
reserves and rich ore—Spain over 7 per cent and 
Italy from 3/4, to 1!/, per cent. 

With this power, price fluctuation was under con- 
trol and limited merely by judgment as to consumer 
resistance and competitive production. Thus during 
the years 1928, 1929 and 1930 prices in this coun- 
try were in excess of $115.00 per flask and produc- 
tion rose from 11,000 flasks in 1927 to over 21,000 
flasks for that period. Estimated reserves in the 
United States excluding ore testing lower than 0.1 
per cent (a possible development) are placed at over 
150,000 flasks. With widespread occurrence, possible 
undiscovered ore bodies and economic barriers upon 
production, this country does not need to fear a 
shortage in times of stress. 

Uses and Substitutes—The value of mercury rests 
in the lack of substitutes and its widespread applica- 
tion. Its uses are so varied that each of us daily is 
affected by its presence. Generally the fields are di- 
vided into chemical, electrical and mechanical uses 
and adaptations. The first is today the largest; using 
over 60 per cent of the total. Included are the weil- 
known salts, organic compounds, vermilion, acetic 
acid and dyestuffs. While the rate is small, normally 
these uses are decreasing. Fulminate no longer is the 
only detonator. 

Electrical uses call for about 8 per cent but the 


most important—diffusion lamps and cells for the 
production of caustic soda and chlorine—are experi- 
encing wider application. Battery zincs, arc rectifiers 
and miscellaneous uses are included in this group. 
The mechanical field which embraces meters, barom- 
eters, hydrometers, thermometers, gages, thermostats 
and pressure control devices accounts for about 13 per 
cent of the total. 

In addition to these three general classifications the 
preparation of hatters felt—consuming over 10 per 
cent of the total—gold amalgamation, dental amal- 
gams, alloys and laboratory uses make up the total 
from which, however, has been excluded the mercury 
boiler whose installation and, hence, use of mercury 
is not assessable to any one year. In this boiler pres- 
ent usage calls for about 7 lbs. per k.w. which multi 
plied by 40,000 or 50,000 is a ponderable item. 

As a whole, the consuming industries are fairly 
constant in the quantity used, those whose use is de- 
clining being offset by others whose demand is in- 
creasing. Mercury's value in war-time is no longer 
its use as a detonator, which use, however, can in- 
crease a thousandfold over peace-time requirements, 
but in its definite irreplaceable position in industries 
which affect safety, health and the daily life of all 
persons. We shall probably experience new uses, 
discard others but its value has existed for centuries. 
Its future may be altered in aspect but not in demand. 


























Beryllium and National Defense 


Much publicity in the daily press and on the radio 
has been broadcast recently as to the role of beryllium 
and its alloys in our rearmament program. 

In view of the importance of this subject, we asked 
the author of this brief article to state his views 
frankly and fully as to its strategic value. He is one 
of the best posted men on this subject in the country. 
—The Editors. 


by C. B. Sawyer 


Brush Beryllium Co., Cleveland 


newspaper articles and stock brokers’ statements 

to the effect that beryllium has a revolutionary 
and vital part to play in national defense, and Rep- 
resentative Brewster of Maine, whose state contains 
some beryl deposits, has introduced a bill (HR 
10185) to have beryllium declared a strategic war 
material. There are rumors also, of requests for a 
sum of $500,000 to be made available from the U. S. 
Treasury for the dévelopment of the beryllium 
industry. 

The author of the present article who has been 
actively engaged on research and commercialization 
of beryllium since 1921, disagrees with the inferences 
which one is led to draw from this publicity and 


D sews THERE HAVE BEEN SEVERAL broadcasts, 
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is opposed to the measures suggested. It may be 
well to consider what other materials are available 
to accomplish the purposes indicated for beryllium. 


Beryllium-Nickel—At the hearing on the beryllium 
industry before the Temporary National Economic 
Committee in May of 1939, a great deal of stress 
was laid on the very vital part which beryllium- 
nickel would play in the airplane industry and dia- 
grams of tensile strength were submitted. No men- 
tion was made, however, of competing heat-treated 
materials already available on the market. The 
writer submitted supplementary testimony after the 
hearing which was made a part of the record early 
in 1940, showing how heat-treated steels compared 
favorably in tensile strength with heat-treated 
beryllium-nickel. It may be stated that none of sev- 
eral government officials, since consulted, has ex- 
pressed the point of view that beryllium-nickel, 
either heat treated or not, has a revolutionary or 
vital part to play as a structural material in airplanes. 
Certainly enough time has elapsed since the hearing 
to have produced the necessary evidence of such a 
revolutionary or vital part if it does now exist. 


Beryllium-Copper—Much has been said also about 
beryllium-copper for low-sparking tools to overcome 
the hazards of plants dealing with explosives. Lead 
tools, bronze tools or nickel tools have been used 
for this purpose heretofore, though beryllium copper 
tools have an advantage where a good cutting edge 
is required, 

Similarly in the case of beryllium-copper castings 
of such close tolerance that little additional finishing 
is necessary, it has been represented that this provides 
a key to the opening of the bottle-neck of national 
defense which exists due to the many necessary 
machining operations. 

An illustration is made of a cast part of beryllium 
copper for the Garand rifle which is said to have 
astonished army engineers by slipping directly into 
place without the necessity of additional machining. 
So far as can be ascertained, about a dozen castings 
from a single pattern were produced in plaster molds 
by a process developed by a well-known company 
and tests on these parts, favorable or otherwise, 
have not yet reached the production stage. Here 
again, though beryllium-copper does have good flow- 
ing qualities when cast, the process developed above 
was primarily for other copper-base alloys already 
in common use and it is doubtful if, in the applica- 
tion suggested above, further finishing operations 
can be omitted. 

Allusion has been made in recent publicity to some 
intensive work being carried out by one of the large 
airplane companies on a revolutionary method em- 
ploying beryllium-copper. Here again it is under- 
stood that certain aluminum base alloys may also be 
used for the purpose concerned. Even though the 
physical properties of high conductivity beryllium- 
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copper may be preferable, the project would not 
necessarily fail if its present highly experimental 
stage cannot be brought to a successful conclusion 
using bery!lium-copper. 

German Patents—Much has been said also on the 
subject of control of the industry by German patents. 
It may therefore be appropriate to remark that the 
company with which the author is associated has 
developed its own processing patents in the United 
States and owns them, as well as certain patented 
beryllium-copper alloys with nickel additions (U. S. 
Patent No. 2,167,684) and has in successful opera- 
tion a commercial production plant of sizeable ca- 
pacity. In the opinion of an eminent firm of lawyers, 
these alloys are entirely free from domination by 
any patents of German origin, or of American origin 
for that matter, not only as to composition but also 
as to heat treatment. A large insurance company is 
willing to back this opinion with insurance against 
damages. 

For those who are fearful of the “supremacy of 
German research,” attention is directed to the fact 
that the present relatively inexpensive arc furnace 
process for the direct production of beryllium-copper 
from carbon, beryllium oxide and copper was first put 
into commercial operation by the author and his 
associates. This simple arc process, in conjunction 
with their other processes, has permitted them to 
assume and maintain that leadership in price reduc- 
tion of 4 per cent beryllium-copper master alloy dis- 
closed at the T.N.E.C. hearing. 

Though the basic idea of this process was dis- 
closed by Lebeau in 1897, so many obstacles existed 
to its commercial operation that various attempts 
by the Germans (see U. S. Patents Nos. 2,025,614 
and 2,025,616) were unfruitful. Success was not 
achieved with this process until the work in the 
United States by the author and his associates. This 
is expressed in their U. S. Patent No. 2,176,906 
which has claims covering several improvement steps, 
one or more of which is believed to be necessary. 
No license to use this patent has been granted. 
Inventors in the United States are quite able to take 
care of themselves. 


Ductile Beryllium—If a revolution can be 
effected in industry through the use of beryllium, 
it would probably come by making this “light” 
brittle material ductile. The same may be said of 
the element silicon which is almost as “‘light’’ as 
beryllium or magnesium and vastly more abundant 
than either, though too brittle for direct use. The 
commercial production of ductile beryllium seems 
still far removed from the present, and there is, 
therefore, no purpose in stressing its light weight. 
The author collected and reported the results of his 
research and those of others on the physical prop- 
erties of beryllium in METALS AND ALLoys for June 
of the current year. 
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Commercial Outlets—The present commercial out- 
lets for metallic beryllium are principally as a hard- 
ener for base metals when beryllium is added in 
small amounts. Of these, beryllium-copper is by 
far the most important. The American Brass and 
the Riverside Metal companies deserve much credit 
for their mill and sales development work in the 
production of rod, sheet, tube, wire and other fab- 
ricated forms of this metal and have incurred the 
usual discouragements and expense inherent in such 
pioneer work. In the castings field The Ampco 
Metal Company has filled a similar réle. Beryllium- 
copper is characterized by high strength, hardness, 
high endurance limit, high resistance to fatigue and 
resistance to corrosion. 


This beryllium alloy, when properly produced, is 
about 50 per cent stronger than its next nearest copper 
base competitor, and could therefore compete directly 
at a price per pound about 50 per cent greater than 
this competitor. No such price competition with 
cheaper alloys‘ now exists and beryllium copper 
alloys must, therefore, at present be content with 
those limited commercial fields open to them by 
virtue of special combinations of requirements only 
partially met by other alloys. The same is true of 
other base metal alloys such as_beryllium-nickel, 
where beryllium enters only in small amounts. 


Ore Supplies—The supply of ore for the beryllium 
industry has always exceeded the demand and has 
grown faster, if anything, than the industry which 
it nourishes. Nevertheless the ore supply is not un- 
limited and were any very great demand to appear, 
the supply might prove temporarily inadequate. 


It seems a pity that the development of the beryl- 
lium industry should be associated with so much 
flag waving and untimely publicity. The industry 
will probably follow the course of other similar 
industries which is one of development over a very 
considerable period of time. Results are not achieved 
over night and this is a fact which should be brought 
to the attention of ore prospectors, potential investors, 
legislators and others who may be affected. 


Dr. Zay Jeffries’ review of beryllium in the Janu- 
ary, 1940, issue of Mining and Metallurgy, p. 10, 
of the American Institute of Mining and Metal- 
lurgical Engineers, states, with reference to the 
T.N.E.C. hearing that: ‘‘Newspapers, columnists, and 
the radio carried messages to the public which 
sounded spectacular and were, in fact, fantastic. Now 
that the investigation is over and the publicity has 
subsided, it can be reported that the beryllium in- 
dustry is still going forward in the only manner in 
which a new metal industry can grow, namely, 
through technological development, including cost 
reduction, the improvement of beryllium products, 
and the dissemination of sound information con- 
cerning commercial applications.” 
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Feature Articles 
On Preparedness 
and Defense 








In the following section of this issue there will 
be found several articles which are related, directl) 
or indirectly, to the American Preparedness and 
Defense Program. 

There are two discussions of certain essential air- 
plane materials—magnesium alloys and a new method 
of making aircraft stampings. 

Discussions relating to armor plate and the electric 
furnace, the strategic relation of tin to bearings, 
and tinplate and solder; the problem of flakes and 
cooling cracks in forgings ; electric detection of 
flaws in tubing for airplanes and other uses are also 
included. Other articles of this nature will appear 
in later issues. 

Many metallurgical engineering subjects involved 
in defense could not, for obvious reasons be treated, 
though attempts were made to secure these. 












































by NORMAN E. WOLDMAN 


Chief Metallurgical Engineer, 
Bendix Aviation Corp. 
Bendix, N. J. 


HE CONSTANT DEMAND through the development 
T° the aircraft industries has been for stronger 

and lighter alloys. This became more apparent 
as the airplanes were being built larger and heavier. 
The efficiency of an airplane, at least from a com- 
mercial viewpoint, is measured by its pay load or the 
useful weight which it can lift and transport. The 
lower the dead weight of a plane of a given design, 
the more passengers and freight it can carry. The 
efficiency and ease in maneuvering of military planes 
are affected by the total weight. For the same horse- 
power rating, the lighter the plane the greater the 
maneuverability. And with similar thought, the 
lighter the plane the more armament it can carry. 

Aluminum and its alloys were introduced exten- 
sively during the early stages of the aircraft industry. 
Due to their low density, high mechanical strength 
and great durability, great savings in weight were 
obtained. The fuselage, the wings, the tail, the rud- 
der, the propellor and many of the engine parts 
were made from wrought, cast and forged aluminum 
alloys. Later, there were introduced, first in Europe 
then in the United States, the alloys of magnesium 
under the trade names of Electron, Magnuminium, 
Dowmetal and Mazlo (A.M. Alloy). These alloys 
were lighter than aluminum and just as strong in 
the cast condition. Today, magnesium has found its 
place in the aircraft industry and its applications are 
constantly on the increase. 


Properties of Magnesium Base Alloys 


Magnesium base alloys have characteristics which 
place them in a separate class from other base alloys. 
They are the lightest structural alloys yet known, 
being two-thirds the weight of aluminum and one- 
fourth the weight of iron and steel. Many of the 
alloys respond to heat treatment which gives them 
greater physical strength. They also possess excel- 
lent machinability, toughness and fatigue endurance. 
They have a high strength-weight ratio, which means 
that on an equal weight basis their strength is equal 
or superior to that of most other metals. The rela- 
tive densities of magnesium and other aircraft metals 
and alloys are shown in Table I. 
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While aluminum is, and has been for some time, 
the principal metal involved in airplane production, 
the importance of magnesium and its alloys is ex- 
panding in this field. The lower the dead weight 
of a plane, the more passengers and freight it can 
carry. Similarly, the lighter the plane, the more 
armament it can carry. The alloys of magnesium 
are lighter than those of aluminum. 

Realizing that magnesium is more and more a 
factor in airplane construction, we asked Dr. Wold- 
man to contribute this illuminating discussion. Ii 
bears directly on the present armament for defense 
program of our Government.—The Editors. 


A true appreciation of the characteristics of mag- 
nesium alloys and their suitability for aircraft struc- 
tures, requiring maximum strength and endurance 
with a minimum weight, is obtained when their prop- 
erties are compared with those of other commercial 
metals. Gann* showed in the tables below (Tables 
II and III) that heat-treated magnesium alloy cast- 
ings are equal to the high strength aluminum alloy 
castings, volume for volume, and are superior to the 
high strength aluminum alloys when equal weights 
are compared. 

For Table III the cross-section area of the aluminum 
and magnesium alloy parts had been increased until 
they weighed the same as the steel section. Thus 
it is seen that the properties that fit the magnesium 
alloys for aircraft use are their extreme lightness, 
high strength and good fatigue endurance, that is, 
their ability to withstand repeated applications of 
stress. 


Various Products 


Magnesium alloys can be produced in the follow- 
ing forms: 

(1) Castings: Sand cast, permanent mold and die cast. 

(2) Forgings: Hammer and press forgings. 

(3) Wrought: Extrusions, sheets, plates and bars. 





Table 1. Relative Densities 

Specific ; 

Gravity Lbs. per cu. in. 
Magnesium ......cccsccscccscess 1.8 0.065 
Fe FORT ETTY CECT eT Ls Te ET 2.7 0.101 
CS ee A OS 7.1 0.256 
th RE «a's wean ova Cues s Gee 7.2 0.260 
SEE Ry pee yee te re eegoret 7.9 0.285 
rere 7.92 0.286 
aie cok Se one baes ORME 8.5 0.307 
Ne Sh os ae bhp me 8.8 0.318 
EE an Sas hb 4 >. hes vee choos 8.9 0.323 
CORDET wccccnccccesdvccccvcsccece 8.9 0.323 
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Castings 


Sand castings are used most extensively and com- 
prise the largest consumption of magnesium alloys. 
Where production and design warrants, permanent 
mold or semi-permanent mold castings are used. For 
smal] parts where little machining is necessary and 
smooth surfaces are required, die castings are used. 
Forgings have been introduced for highly stressed 
parts. And now, through new developments in man- 
ufacture, we have available sheets, bars, extrusions, 
etc., to be fabricated by riveting or electric spot weld- 
ing into such fuselage assemblies as doors, hatches, 
floors, seats, instrument assembly panels, partitions, 
air ducts, etc. 

Heat Treatment: As is true with the aluminum al- 
loys, only a part of the total number of available 
magnesium alloys are susceptible to heat treatment. 
This heat treatment, which is a solution treatment with 
or without an aging treatment, produces the optimum 
physical properties. The solution treatment consists 
in heating the parts to 650 to 720 deg. F. for a 
sufficiently long time (16-20 hrs.) until the insol- 
uble constituents go into solid solution, then air 
cooling. This treatment increases the strength and 
ductility to maximum toughness. However, when 
this treatment is followed by an aging treatment at 
340 to 400 deg. F. for 12 to 16 hrs., the tensile 
strength and hardness increase still further with a 
sacrifice in ductility. The former treatment is des- 
ignated in the field as ‘‘H.T.” or “S.T.” while the 
latter treatment is designated as ““H.T.A.” or “’S.T.A.” 





Table II, Comparative Properties of Dowmetal 
vs. Other Metals—Equal Volume Relations 


Fatigue 
Endurance 
Relative Tensile Elongation, Limit in 
Name Weight Strength PerCent Bending 
Wen, SE: vc aingi dnd 4.4 60,000 30 30,000 
pT | TEE TORE 4.4 100,000 20 50,000 
Aluminum Alloy, Cast, 

Heat Treated ....... 1.6 33,000 er on 
po ae, aa 1.6 60,000 20 15,000 
Dowmetal, Cast, Heat 

UORONE 4 cana aks cases 1.0 33,000 10 9,000 
Dowmetal, Wrought, 

Heat Treated ....... 1.0 42,000 12 14,000 


Table Ill. Comparative Properties of Dowmetal 
vs. Other Metals—Equal Weight Relations 


Fatigue 
Endurance 
Relative Tensile Limit in 
Name Weight Strength Bending 
oy Re er 4.4 60,000 30,000 
MCS so ob och ohdnbe0 hace? 4.4 100,000 50,000 
Aluminum Alloy, Cast, Heat 
WEEE 6. caeta Poses asdhatkeas 4.4 Vee: f  Aeens 
ee vi OP rN 4.4 172,000 70,000 
Dowmetal, Cast, Heat Treated.. 4.4 145,000 80,000 
Dowmetal, Wrought, Heat 
Bee isos cae Ch Cee ees s 4.4 185,000 125,000 
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Fig. 1. Sand casting for the nose piece for the Pratt 
& Whitney radial engine. 





Fig. 2. Sand casting for crankcase and top cover for 
the De Havilland “Gipsy Minor’ engine. 





Figs. 3 and 4. Die cast rear crankcase rear cover for 

the Bristol engine (left), and sand casting for the 

front supercharger casing for the Napier “Dagger” 
engine. 
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Characteristic Uses of Castings 


Magnesium casting alloys may be classified accord- 
ing to their characteristic uses, as follows: 


(1) For moderate tensile strength and leak proofness: 
Dowmetal G and AM-240 


Sand castings and permanent mold castings 
Composition: 10.0 Al, 0.10 Mn, bal. Mg 
Respond to heat treatment 

(2) For high impact strength and high ductility: 
AM-241 
Sand castings and permanent mold castings 
Composition: 8.0 Al, 0.1 Mn, bal. Mg 
Respond to heat treatment 

(3) For high hardness, high yield strength, but low elon- 

gation: 

Dowmetal B and AM-246 
Sand castings 
Composition: 12.0 Al, 0.1 Mn, bal. Mg 


Respond to heat treatment 
(4) For soundness, and leak-proofness and requiring high 


stre neth ? 

Dowmetal C and AM-260 
Sand castings 
Composition: 9.0 Al, 0.1 Mn, bal. Mg 
Respond to heat treatment 

(5) For high physical properties and fine grain: 
Dowmetal H and AM-265 
Sand and permanent mold castings 
Composition: 6.0 Al, 0.2 Mn, 3.0 Zn, bal. Mg 
Respond to heat treatment 


(6) For good stability and welding characteristics: 
Dowmetal M and AM-403 
Sand castings 
Composition: 1.2-2.0 Mn, 0.3 max. Si, bal. Mg 
Do not respond to heat treatment 

(7) For thin wall die castings of moderate strength: 


Dowmetal K and AM-230 

Die castings 

Composition: 10.0 Al, 0.10 Mn, 0.5 Zn, bal. Mg 
Do not respond to heat treatment 


(8) For good strength die castings (general): 


Dowmetal R and AM-263 

Die castings 

Composition: 9.0 Al, 0.2 Mn, 0.6 Zn, bal. Mg 
Do not respond to heat treatment 


The typical physical properties for the above alloys 
are shown in Table IV. 

Dowmetal H (AM-265) is the chief sand cast 
magnesium alloy used today. It has replaced to a 
great extent Dowmetal G (AM-240) due to its su- 
perior corrosion resistance and also due to its higher 
tensile strength and its higher ductility after heat 
treatment. 


Forging Alloys 


Magnesium forging alloys are divided into press 
and hammer forgings. But since higher strength 
forgings are obtained when they are press forged, 
hammer forgings are scarcely used. These forging 








alloys may also be classified according to their char- 
acteristic uses as follows: 
(1) General forging, good ductility: 
Dowmetal G and AM-57S 


(2) Strong forgings, simple design: 
Dowmetal O and AM-58S 


(3) Heat-treatable forgings: 
Dowmetal X and AM-74S 

(4) Weldable forgings: 
Dowmetal M and AM-3S 


The chemical composition and physical properties 
of these alloys are given in Table V. 


Wrought Alloys 


Magnesium alloys have been developed which can 
be mechanically worked, rolled, extruded and drawn, 
thereby causing marked improvement in physical 
properties. Rolled sheet can be made in thickness 
down to 0.005 in. Rolled plate, sheet and strip 
alloys are classified as follows: 


(1) High strength: 
Dowmetal E 
Dowmetal F and AM-53S 

(2) Best formability and salt water resistance: 
Dowmetal M and AM-3S 


The chemical composition of these alloys are as 
follows: 
: Dowmetal E Dowmetal F Dowmetal M 


AM-53S AM-3S 

Per Cent Per Cent Per Cent 
Aluminum ....... 6.5 4.0 ——— 
Manganese .... 0.2 0.3 1.5 
Magnesium ......_ bal. bal. bal. 


Fig. 5. Sand cast starter housing, finish machined, 


chrome pickled and painted. 
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Figs. 9 and 10. 
Sand cast front hous- 
ing (left) for 
Eclipse Starter; note 
steel bearing liners; 
and sand casting for / 
a starter 

bracket. 





motor 








These alloys are supplied in the annealed and hard 


The forming of magnesium alloy sheets and | 
shapes can best be done at a temperature of 500 to 
700 deg. F., due to a tendency of the material to 
harden rather rapidly with cold working. A lim- 
ited amount of cold working is possible but lib- 


rolled condition. The typical physical properties of 
these alloys are as follows: 


Dowmetal E Dowmetal F 





AN-53S n | 

Annealed Rolled Annealed Rolled eral bend radii should be allowed. Hi 
Tensile strength ....... 34000 45000 36000 44000 For chemical composition and physical properties | 
Yield strength 20000 34000 22000 35000 of the various magnesium alloys used for extruded | 
Elongation (per cent) .. 15 9 18 10 structure shapes, bars, rods and tubing, the reader is | 
| a ee Pee 57 70 50 69 | 


referred to the publications of the Dow Chemical 
Co. and the American Magnesium Corp., Division | 
of the Aluminum Co. of America. 





Table IV. Typical Physical Properties of Mg Alloys 








| 
AM-246 
AM.-240 AM- Dow- AM-260 ' 
Dowmetal G 241 metal B Dowmetal ¢ Some General Properties | 
Bits ee OT. BATA: Be. Ge, : 1 hil ; d 7 
+ re , 4 5 ~~ 7 < y y =) N > 
Tensile strength.. 33000 34000 33000 32000 38000 38000 Magnesium alloys, while possessing good tensile 
Yield strength.... 12000 19000 11000 20000 14000 20000 properties and good resistance to fatigue, are very 
Elongation, per " one Se A : Eee se Sa , oe 
fm i "as a°e aay Sar >. ee sensitive to local concentration of stresses, that is, 
| a strength.... 20000 22000 18000 it" 20000 eg they are notch sensitive. For this reason notches 
Charpy impact.... ..... 0.7 2.2 Se Sterns 0.% , : 
wesc Ea ace 52 69 48 85 61 78 and scratches of all kinds must be avoided. Sharp 
Endurance limit.. 10000 8000 7500 7000 10000 10000 corners should be eliminated wherever possible. 
. . . . i 
Highly stressed castings should be provided with 
AM-230 AM-263 AM-403 . 
AM.-265 Dow- Dow- Dow- liberal fillets. 
Dowmetal H metal K metal R metal M The designer of magnesium alloy parts should 
me H.T.A. as cast as cast as cast 
Tensile strength 37000 37000 30000 33000 14000 
Yield strength.. 12000 18000 22000 20000 4000 
Elongation, per 
COUR sa sven tas 10.0 4.0 1.0 3.0 5.0 
Shear strength.. 18000 ee .- | wayne ieee s 11000 
Charpy impact. . 2.5 eee Pee ee eet 
Se a ae 53 69 68 66 33 
Endurance limit. 10000 Se aa See eee 
Table V. Chemical and Physical Properties of 
Forging Alloys 
AM-57S AM-58S AM-74S AM-35S 
Dow- Dow- Dow- Dow- 
metal J metal O metal X metal M 
Per Cent Per Cent Per Cent Per Cent 
Aluminum ......... 6.5 8.5 3.0 ; 
Manganese ......... 0.2 0.2 0.2 1.5 
Se hace Sas Wis 5 oe 0.7 0.5 3.0 “- 
Magnesium ........ bal. bal. bal. bal. 
AM-57S AM-58S AM-74S AM-3S 
Dow- Dow- Dowmetal X Dow- 
metal J metalO Forged Aged metal M 
Tensile strength... 41,000 45,000 41,000 42,000 33,000 
Yield strength.... 25,000 30,000 24,000 28,000 19,000 
Elongation, per 
CONE «ses. e eens 9 7 16 14 6 
Brinell ee 56 69 59 62 43 
ee ee” Rr ae 
Endurance limit.. 15,000 16,000 17,000 a are 


















































Figs. 6, 7 and 8. Sand cast main housing (left) 
, for Eclipse Alternator, finish machined, chrome- 
pickled and painted; finished sand cast inter- 
mediate housing (center) for Eclipse Flap Motor, 
and finished sand cast frent housing for Eclipse 
Series 41 Starter. 

















avoid cavities and pockets where moisture can ac- 


cumulate and cause corrosive attack. Such cavities 
or pockets, however, can be coated with a lacquer 
such as Glyptal. Electrolytic action of magnesium in 
contact with other metals must be avoided. Brass 
and steel parts in contact with magnesium are usually 
tin or cadmium plated, preferably cadmium. 

Magnesium alloys can be used safely at low tem- 
peratures, such as are encountered by aircraft at high 
altitudes, but are not recommended for high tempera- 
tures, such as above 400 deg. F. It has been found 
that at —120 deg. F. the yield strength is about 10 
per cent greater and the elongation is about 20 per 
cent less than at room temperature. 

Magnesium alloys ordinarily are not recommended 
under conditions requiring resistance to wear. How- 
ever, they may be used where ample lubrication is 
provided. Steel shafts may be run directly in mag- 
nesium castings where sufficient lubrication is pro- 
vided and where the bearing load and speeds are not 
excessive. Where this is not feasible, iron or steel 
inserts can be used as liners in the castings. These 
liners can be shrunk, pressed or cast in. 

The modulus of elasticity of magnesium is very 
low, namely, 6,500,000 lbs. per sq. in. This is two- 
thirds the modulus of aluminum and about one-fifth 
the modulus for steel. Therefore, when changing 
the structural part from steel or aluminum to mag- 
nesium, it is usually found necessary to stiffen up 
the section. Ribbing or corrugating the walls, in- 
creasing wall thicknesses or deepening ‘sections are 
effective methods of producing the desired stiffness 
with the least weight of metal. Further, since mag- 
nesium alloys are apt to distort more readily than 
other alloys under load, it is advisable to support 
the surrounding metal at the edge of bolt holes and 
other places subject to stress concentration by thick- 
ening the section. 


Corrosion and Its Prevention 


Years ago the objection to magnesium alloys was 
its lack of stability in salt water, and even to some 






|. Figs. 11, 12 and 13. Sand 

cast back head (left) for 

Eclipse Starter; sand cast ter- 

minal housing (center) for 

Eclipse Starter, and sand cast 
electric control box. 


extent in fresh water. Magnesium alloys corroded 
very rapidly, developing pits and a grayish-white in- 
crustation, The current magnesium alloys are reason- 
ably stable under most atmospheric conditions, which 
has been attained by careful purification and the addi- 
tion of manganese. However, in salt atmospheres 
they are somewhat subject to pitting and roughening. 
Nevertheless, where corrosion does occur in long 
time exposure tests, the slight loss in strength is 
equivalent to the loss in area, but there is no loss 
in ductility or strength that can be attributed to inter- 
crystalline corrosion. 

Castings and wrought parts are usually given an 
anticorrosive treatment known commercially as a 
chrome pickle. This is nothing more than a quick 
dip (20 to 60 secs.) in a solution of sodium dichro- 
mate, concentrated nitric acid and water. This 
produces an iridescent, yellow, porous coating of 
sparingly soluble chromic chromates on the surface, 
which is intimately bonded to the metal. It also pro- 
vides a good base for subsequent painting and has 
definite anticorrosive properties. Where service con- 
ditions are particularly severe, the metal should be 
protected with a lacquer, paint or enamel. The best 
protection is obtained by first chrome pickling, then 
covering with a layer of zinc chromate primer, and 
finally with one or two coats of a good paint, var- 
nish or lacquer. 

There are several methods recommended for chem- 
ically treating magnesium alloy parts for increased 
resistance to corrosion. These may be briefly described 
as follows: 


(1) Chrome Pickle Treatment: 20 to 60-second dip in a 
sodium dichromate-nitric acid solution at room tempera- 
ture. It produces a matte iridescence with yellow 
and red shades predominating. Dimensional loss is 
from zero to 0.0005 in., depending on the time of 
immersion. Parts containing brass or steel inserts can 
be so treated. Known as Dow Treatment No. 1 and 
American Magnesium Co. treatment No. A. 


(2) Dichromate Treatment: Five minute immersion in 15 
to 20 per cent HF, followed by a 45-min. immersion 
in 10 per cent sodium dichromate solution. It pro- 
duces a dark brown to black coating. Dimensional 
changes are practically nil. Brass, bronze or steel in- 
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serts are unaffected. Known as Dow Treatment No. 7 
and American Magnesium Co. treatment No. G. 


(3) Modified Alkali Chromate Treatment: Five minute im- 
mersion in 15 per cent HF, followed by a 45-min. 
immersion in a solution of ammonium sulphate, am- 
monium dichromate, sodium dichromate and ammonia, 
then finally immersed in a 1 per cent arsenous oxide 
solution. This produces a black coating. This treat- 
ment produces no dimensional loss, but may gain up 
to 0.0003 in. Brass, bronze or steel inserts are unaf- 
fected. Known as Dow Treatment No. 8 and Ameri- 
can Magnesium Co. treatment No. H. 

(4) Galvanic Anodize Treatment: Immerse for 5 min. in a 
15 to 20 per cent HF solution, then immerse and 
galvanically anodize the parts for 30 min. in an am- 
monium sulphate, ammonium dichromate and ammonia 
solution at room temperature. This will produce a 
dark gray to black coating. No dimensional changes 
are produced. Brass, bronze or steel inserts are un- 
affected. Known as Dow Treatment No. 9 and Amer- 
ican Magnesium Co. treatment No. K. 


(5) Sealed Chrome Pickle Treatment: Same as standard 
chrome pickle except that it is followed by a second 
immersion for 30 min. in a boiling solution of 10 to 
20 per cent potassium dichromate to seal the pores 
for increased resistance to corrosion. Brass, bronze or 
steel parts are unaffected. Dimensional loss is from 
zero to 0.0005 in. Known as Dow Treatment No. 10 
and American Magnesium Co. treatment No. L. 


Magnesium alloy parts for aircraft electrical sys- 
tems and other parts requiring coatings possessing 
low electrical resistance for bonding purposes are 
given either the standard Chrome Pickle treatment 
or the Sealed Chrome Pickle treatment, preferably 
the latter. All the other treatments produce a higher 
dielectric film on the surfaces, which are more cor- 
rosion resistant than the Chrome Pickle treatments. 
Engine parts are given the more desirable Galvanic 
Anodize treatment or the Dichromate Chemical treat- 
ment. 

Magnesium alloys in present commercial, sport and 
military airplanes comprise less than 1.5 per cent 
of the total weight of the plane. However, with the 
new developments in fabricating magnesium alloy 
wrought parts and with the recent improved devel- 
opments in anticorrosive chemical treatments of mag- 
nesium alloys, the aircraft industry is expected to 
increase the per cent of magnesium in the total weight 


Figs. 14, 15 and 16. Die 
casting for Eclipse Starter 
(left) motor shield; die cast- 
ing for starter housing ter- 
minal (center), and die cast- 
ing for starter motor shield. 


of the plane. The European aircraft manufacturers 
have adopted magnesium alloys more readily than the 
American manufacturers. 


Applications in Aircraft 


The present application of magnesium alloys in 
aircraft may be listed as follows: 
Sheets, bars, extrusions: 
Doors, hatches, floors, seats, instrument assembly panels, 
partitions, air ducts, furniture and secondary structures. 
Sheets are used extensively abroad in the construction of 
fuel tanks, oil tanks, cowling and fairing. The main 
spars of the 12-engined flying boat, The DO-X, were 
made of extruded magnesium alloy. 


Forgings: 
Propellor blades, supercharger impellers, engine pistons, 
engine crankcases, engine nose sections, supercharger 
rollers. 


Castings: 

Permanent Mold Castings 
Landing wheels 

Die Castings 
Engine rocker box covers, shroud tube fittings 

Sand Castings 
Engine crankcases, gear cases and covers, engine nose 
sections, tail wheel assembly parts, brake assemblies, 
starter housings, pump housings, intake manifolds, oil 
sumps, supercharger rollers, hydraulic pump bodies, 
thrust bearing housings, diffuser plates, camshaft hous- 
ings, generator housings, window frames, pedals, wheels, 
tail forks, deicer pumps, blower sections, engine rear 
sections, automatic pilots, distributors, instrument cases 
and parts, control column parts, rear and front super- 
charger sections. 


The illustrations represent some of the aircraft 
engine or accessory parts made of magnesium alloys. 
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Producing Aircraft Stampings 


hy HERBERT CHASE 





Section of the Douglas plant showing, at the left, 
some of the many dies, most of them cast from zinc 
alloys, which are used on rope drop hammers (some 
of which are seen at right) to produce deep drawn 


5 tampings 


planes have ceased to be primarily wood working 

plants and have become, instead, plants chiefly 
engaged in doing sheet metal work. As their produc- 
tion capacity has been increased, they have, as far as 
conditions permit, adopted methods similar to those 
used by other large fabricators of sheet metal, but have 
often been prevented from making use of “high” 
production methods because the quantities of most 
parts required have not justified the investment in 
tooling which is necessary and highly economical 
when the number of duplicate parts required is much 
greater. Instead, some of these plants have developed 
substitute methods which, though seldom as economi- 
cal as those used where quantities are much larger, 
are still a great advance over the hand methods neces- 
sarily employed during the early part of the transition 
period from wood to metal fabrication. 

Few have done as much in the development of 
more economical production of sheet metal parts as 
Douglas Aircraft Co., Inc., Santa Monica, Calif. Many 
entirely new methods have been devised and the plant 
is now following some production practices in man- 
ufacturing sheet metal parts which might well be 
studied by those plants where relatively short runs 
are the rule. 


} RECENT YEARS, plants for the production of air- 


Specialized Dies 


Except for certain small parts which are required 
‘n considerable numbers per plane and which justify 
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Stampings of many kinds and of many materials 
are used extensively in manufacturing modern air- 
planes, military or transport. 

In this article, another relating to preparedness in 
aircraft, the author describes the latest methods used 
by the Douglas organization in producing certain 
stam pings, largely from aluminum and magnesium 
alloy sheets. 

Involved in these is the use of a special zinc or 
moderately soft alloy instead of steel or cast iron for 
the dies. The Guerin process is also discussed. In 
this a punch of rubber is used instead of a metal one, 
with surprisingly interesting and effective results. — 
The Editors. 


the use of conventional forms of presses and the em- 
ployment of steel or cast iron dies, a large propor- 
tion of sheet metal parts are made in somewhat 
specialized dies which, though not having the life 
or the production capacity of steel or cast iron dies, 
cost much less and are a great advance over the use 
of hand tools. 

Such dies are amply justified on an economic basis 
and have adequate life for the total run required 
of them. They turn out stampings of high quality 
and at a rate which is often much more rapid than 
that at which the parts can be built up into assembled 
structures. Some of the dies involve non-metallic 
parts, but the critical parts and those subjected to 
wear or to extreme pressures are usually of metal, 
often alloys which are softer than the sheet stock to 
be worked in them. This stock is most commonly 
Duralumin or some other aluminum alloy, but in- 
cludes also magnesium alloys and certain steels, chief- 
ly of the stainless varieties, all having high strength- 
weight ratios. 

Such stampings as are required in quantities suf- 
ficient to justify the use of steel or cast iron dies 
need not be dealt with here, as the equipment does 
not depart greatly from that used conventionally else- 
where for similar parts in like quantities. It is 
chiefly the short run type of product that need be 
considered here, as its production involves the in- 
novations which are of chief interest. Often, not 
more than a few hundred of the parts in question 
are needed, but they must be held within close tol- 
erances and must bé produced in some form of die 
so as to meet engineering requirements and also come 
within desired cost limits. Some of the parts are 
quite large and necessitate quite deep drawing which 
would require exceedingly expensive drawing and 
blanking dies if the quantities were large enough 
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in the Douglas Plant 


and the types of dies here described were not avail- 
able. 


Dies of a Zinc Alloy 


A considerable proportion of the dies for deep 
drawing are cast from soft metals and very close to 
required size. A primary objective is to minimize 
machining of the die, as only thus can its cost be 
made low enough to warrant the investment. Cast- 
ing is simplified by selecting an alloy of fairly low 
melting point and one which, when it has served its 
purpose, can be remelted and the metal used again. 

Until recently, lead and Prime Western zinc were 
used extensively, but as they are both rather soft and 


low in impact strength and in other physicals, harder 
and stronger alloys, chiefly those based on high purity 
zinc, have now come into extensive use and are largely 
displacing other metals. The alloy chiefly used at 
the Douglas plants is known as ‘‘Kirksite A,” but it 
is quite similar to the Zamak alloys, extensively used 
for die casting in other industries, and also for many 
stamping dies in other aircraft plants. Kirksite A 
is a product of Morris P. Kirk and Son, Inc., but is, 
in fact, made under license of patents covering the 
Zamak alloys of The New Jersey Zinc Co. 

An accompanying Table shows the relatively physi- 
cal properties of Prime Western zinc and of the mod- 
ern alloys which are now displacing it for stamping 
dies. Because of the much greater strength of the 
modern alloys, dies can be made lighter. They are 
also somewhat easier to cast, give a smoother surface 
requiring less finishing, are more wear resistant be- 
cause of greater hardness and, if conditions require, 
can be repaired by welding. The dies are much 
stronger and harder than antimonial lead, but the 


Closer view of several rope drop hammers equipped with zinc alloy stamping dies. Pressmen use wooden mal- 
lets and “dollies” in some cases for removing wrinkles from stampings prior to the final shaping in the die. 



































latter is still used sometimes for the ‘punch’ or 
upper half of the die, largely because (since the melt- 
ing point of lead is much below that for zinc alloy) 
the punch can be cast by using the zinc alloy lower 
half as a mold. In other cases, both halves of the die 
are in the zinc alloy. 


Producing the Dies 


Many of the large stampings produced by Doug- 
las are for cowlings and fuselage covering or ‘‘skin’’ 
and many of those which require deep draws neces 
sitate the following procedure in producing the dies: 

There is first made a wooden “mock-up” or full 
scale model having the required contours and often 
having surfaces so large and of such shape that 
many separate stampings must be made and later 
assembled to reproduce its surface. To insure the 
correct contours, plaster casts are made against the 
surface of the mock-up, each covering an appropriate 
area corresponding to a single stamping or a portion 
of same. The individual plaster casts are made with 
hemp or similar fibre filling to increase strength. 
Later, some of the casts are often fastened together, 
or they may be used singly, as a part of a pattern. 





Patterns thus made, assembled and finished with 
shellac, are used, just as any pattern would be, in 
sand molds in which the zinc alloy is cast. The 
pattern, of course, is shaped as may be required, to 
form the remaining portion of the die. After the 
casting has been made in the zinc alloy, its working 
surfaces are polished, partly by using suitable abrasive 
wheels on flexible shafts and partly by hand sanding 
and scraping. The back face of the die, which fits 
against the bed or head of the press, is turned off 
flat in a boring mill and the die is ready for use. 

When a lead punch is known to be satisfactory 
for a particular job, it is cast in the die, but when a 
harder and more enduring punch is needed, it too is 
cast in the zinc alloy. In some such cases, the punch 
may be cast first and then used to form part of a mold 
in which the die is cast, thus saving the cost of a 
pattern for the die, although one for the punch is 
needed, of course. In such cases, the punch must 
be given a temporary refractory coating which is 
sprayed on and prevents the punch from melting 
and from other injury when molten metal for the 
die is poured around it. The coating of refractory 
is made of such thickness that, when later removed 
it affords clearance for the sheet metal which it is to 


Section Of a die, cast fron 
the zinc alloy, being polishe« 
before it is put into servic. 
































































form. The die shrinks in cooling, contracting the 
cavities, whereas, if the punch were cast in the zinc 
alloy, using the die as a mold, it would shrink away 
from the die and not give the required dimensions. 


Characteristics of Drawing Dies 


Drawing dies made in this manner have the same 
cavity shape as steel or cast iron dies but do not have 
pressure pads and certain other parts needed in con- 
ventional drawing operations. For this and other 
reasons, the dies are nct used in conventional stamp- 
ing presses, but in rope drop hammers. Drawing 
is rarely done in a single blow of the punch but in 
several blows and, in some instances, a progressive 
die having two or more stages is required. In gen- 
eral, however, only a single cavity die is needed, but 
the operator controls the number and force of the 
blows struck to yield a piece of the required shape, 
that is, one which, at the final blow, fits accurately 
both the punch and the die. This requires consider- 
able skill on the part of the press operator. 

In drawing the piece, he may use thick sheets 
or blocks of rubber, placing them by hand so that 
they are struck by the punch and keep the latter out 
of contact with the piece until it is partly or almost 
fully formed. During this process, the sheet metal 
often wrinkles and, if there is a compound bend, an 
effort is made to have the wrinkles come more or less 
parallel to the sides of the cavity rather than at 
an angle thereto, as then the wrinkles can be worked 
out as the metal is drawn in succeeding blows. Quite 
often, the press operator removes the work from the 
die when partly formed and uses a wooden mallet 
to work out irregularities while the work is held 
over a block of metal or ‘‘dolly’’ of required shape. 
This is done in part to insure the required shape, 
but also, in some cases to remove wrinkles which, 
if allowed to remain, might mark the die, causing 
a roughness which would prevent making a smooth 
finished piece. Although the production of a single 
stamping may require several minutes, if the part 
be a difficult one to draw, the process represents a 
great improvement over earlier methods in which the 
entire piece was hammered to shape and gradually 
fitted over a wooden form. 


The Guerin Process 

The foregoing applies to drawing operations, as 
distinct from much simpler blanking and forming 
operations, most of which are done by the Guerin 
process, developed after long experimental work, by 
Henry E. Guerin, factory manager of the Douglas 
Santa Monica plant. This process is carried out 
chiefly in hydraulic presses, the largest of which has 
a capacity of 5000 tons pressure, and often results in 
producing many quite different stampings in a single 
stroke of the press. Although some drawing (involv- 
ing a considerable flow of metal) is done in the 
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Top: Rotary shears shown here are employed for 
trimming flash from some stampings. 


Bottom: Two of the very large hydraulic presses 
which produce stampings in large quantities by the 
Guerin process, sometimes over 50 parts in a single 


stroke of the press. 


Guerin process, it is chiefly of a type involving rather 
shallow draws, usually much shallower than is done 
in the drop hammer dies referred to above. But it is 
frequently advantageous to preform by the Guerin 
process and finish in drop hammer dies. 


Rubber Replaces Positive Punch 


In the Guerin process, rubber is commonly substi- 
tuted for a positive punch, the rubber being confined 
in a metal box or container and usually attached to 
the head of the press. Walls of the box extend 


below the rubber and mate with a pressing block 























Applying a large blank to a 

combination forming and pierc- 

ing die used in the Guerin 
process. 


Blank, previously cut to size and notched in a blank- 

ing operation and afterward drilled with rivet holes, 

being applied to a zinc alloy forming die used in 
the Guerin process. 


Stamping as it ap pears 
after piercing and formin g 
in a zine alloy die. 


thereby confining the rubber and causing it to flow, 
with uniform pressure in all directions, around the 
sheet metal which is thus sheared and/or formed 
to the shape of the die which lies on the bed of the 
press. 

If only blanking is to be done, the die usually 
consists of a Masonite (hard compressed fibre) block 
4, in. thick faced ,with a sheet of chromium-molyb- 
denum steel of such shape as to provide and hold 
a keen cutting edge. If the part be blanked and re- 
quires only flanging, the die can be merely a Mason- 
ite block of such thickness as to permit the flange to 
be formed. If the shape is complex or involves 
both shearing and forming, the die is sometimes cast 
from Kirksite and the cutting edge is then ground 

















ot filed. The edge secured is satisfactory when runs 
are short. 

Dies can be either female or male or a combination 
of the two, but small holes such as those for rivets, 
are usually drilled rather than punched. If consid- 
erable forming is required, the die is usually cast from 
Kirksite, commonly employing a wood pattern. Some 
drawing can be done with dies made in the same way, 
but the draw is usually much shallower than that made 
in drop hammer work, and the punch (or upper half 
of the die) is still the confined rubber, as for other 
work by the Guerin process. 


Some Advantages of the Guerin Process 


A great advantage of the Guerin process, in ad- 
dition to the important saving in die cost, is that, 
since the punch is rubber and is forced to conform 
to the die, no exact registry is involved. Conse- 
quently, many dies can be and usually are grouped 
on the bed of the press and are used with a single 
sheet of the required metal to produce simultane- 
ously as many stampings as there are dies. The dies 
are nested in such a way that scrap is reduced to a 
minimum. In large presses, more than 50 pieces 
are sometimes blanked at one time, the blanking dies 
being fastened to a gang plate of 3/32-in. steel. 

In the case of large presses, loading, unloading and 
handling are greatly facilitated and the press is 
used to greatest advantage by providing it with car- 
riers on tracks so arranged that, while one set of 
dies is being run onto the bed of the press, the 
press is being closed and opened and the set removed, 
three other sets on the other three sides of the 
press are being loaded or unloaded in preparation for 
transfer in turn on the press bed. As the bed of 
the press is at normal table height and loading tables 
are on each of four sides, many men can work sim- 
ultaneously at the loading and unloading operations. 
This makes it possible to keep the press busy and 
to turn out a total volume of work which justifies the 
investment in a press of extremely large size. 


Aluminum and Magnesium Sheets Used 


Blanking operations on soft aluminum sheets up 
to 0.051 in. thick have been done and forming op- 
erations can be performed on sheet of the same ma- 
terial up to 3/16 in. thick, providing the flanges to 
be formed have sufficient area to enable the pressure 
of the rubber to effect the bend. Combination blank- 
ing and forming is done on soft aluminum sheets 
up to 0.040 in. thick. Thin gages of stainless steel 
can also be handled, especially where much of the 
blank remains flat, and even quarter-hard stainless 
steel can be formed in some shapes. Magnesium 
alloy sheets which require heating for forming have 
been handled by using heater plates either on the 


loading table or on the pressing block. 

Although the Guerin process is of course not uni- 
versal in its application, it has proved exceedingly 
useful and economical in the production of many 
thousands of different parts entering into the con- 
struction of Douglas planes and has resulted in a 
great reduction of hand work as well as in production 
on an interchangeable basis, which is so necessary 
even when the quantities of individual parts are not 
large. The process fills a gap which formerly ex- 
isted between mass production in large quantities 
with expensive tooling and fabrication in which hand 
operations are dominant. 


Table Comparing Physical Properties of 
Sand Castings Made in Prime Western 
Zinc and in Modern Zinc Alloys 
as Used in Casting of Stamping Dies 


Physical Property Sand Cast Modern Sand 
Prime Western Cast Zinc 
Zinc Alloy 
Tensile strength, lbs. per 
PO EPP CETE CT OE 5,300 35,000 to 38,000 
Impact strength, ft Ib. ; 
1% x %-in. bar, Charpy 
fet EP eee re less than 1 2 to 4 
Compressive strength, Ibs 
ee ee Te no data 60,000 to 75,000 
Melting point, deg. F...... 787 717 
Solidification shrinkage, in. 
OS PIO ee Se oS ee 0.125 0.140 
Weight per cu. in., lb..... 0.27 0.24 to 0.25 


Elongation, per cent in 2 in. no data 3.0 
Brinell hardness No......... 30 to 60 80 to 107 


Stamped rib as it appears after forming ( flanging) 
in the die seen back of the piece. 
























































































BY FRANCIS B. FOLEY 


Superintendent of Research 
The Midvale Co., Nicetown, Philadelphia 


The author, at our solicitation, has contributed a 
valuable discussion to a problem which is of vital 
interest to any preparedness and defense program. 
He has drawn from his experience as a metallurgist 
for the U. S. Bureau of Mines, collaborating with 
the Ordnance Department of the Army during the 
last war, in the investigation of “flakes” and “cooling 
cracks” which abounded in gun steel produced in 
certain plants during the rush period of production. 
To this he has added more recent observations, 

He has merely hit the high spots, he says, and has 
not pretended to go into the details of many in- 
vestigations which have been reported in the tech- 
nical press from time to time during the last twenty 
years —The Editors. 


—A Problem in Ordnance 


Flakes and Cooling Cracks in Forgings 


Fig. 1, Above; Broken tensile test specimen showing 

flakes. From a 2X mag. Two on left are longitudinal 

bars; the two on the right tangential bars from the 
came forging. 


veloped in the manufacture of ordnance during 

“World War I” was the one to which the name 
Flake” was given. This defect got its name origi- 
nally from its resemblance to a snowflake and in 
fact the first name given to it was “Snowflake.” 
They were first noticed in the fractures of tensile 
test specimens, appearing as a white area (Fig. 1) 
in the otherwise normal fracture and they were 
always accompanied by low elongation and reduction 
of area of the specimen. Rarely if ever did a ‘‘flaky” 
tensile specimen meet the required 18 per cent 
elongation in 2 in. Deep-etching of sections from 
forgings showing such defective tensile specimens 
was at first not resorted to but later on, when such 
sections were deep-etched, the defects could often 
be detected as fine cracks eaten out by the acid and 
confined to an area below the surface, the surface 
metal for a depth of perhaps 1 in. to 11/, in. being 
sound. 


Pvcicre THE MOST INSIDIOUS DEFECT which de- 


Acid and Basic Steel Compared 


Prior to the period of World War I there had 
been no trouble with defects of this kind in ordnance 








manufacture or if there was any such trouble it was 
so slight as to pass unnoticed. Certainly it never 
attained anything like the epidemic proportions 
which, in one case in the writer's experience, caused 
the loss of 80 per cent of production. Lack of ex- 
perience in melting and forging large sections of 
alloy steel was no doubt responsible for most of the 
trouble. Prior to this period much of the ordnance 
steel. produced had been melted in acid open-hearth 
furnaces in which this defect rarely if ever occurs. 
The basic electric furnace was a comparatively new 
melting unit and it produced the greatest amount 
of ‘‘flaky”’ steel. 

It has developed since that there is considerable 
authority for the statement that acid steel is ‘less 
prone than basic to develop defects of this type and 
the writer has yet to encounter any at ail in acid 
steel. Aside from the use of basic steel for ordnance 
there is little doubt that lack of experience played 
a large part in the difficulty of producing flake-free 
alloy steels of large section. It is also true that 
experienced ordnance manufacturers had over 4 
period of years developed mill practices which had 
kept them out of difficulties of this sort. 
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Two Types of Flakes 


Many different types of defects have come to be 
called ‘“‘flakes.’” There are, however, two principal 
types: One is the original ‘‘flake’’ or ‘snowflake’ 
having the appearance one would produce by cutting 
out a small circle or oval of very thin silver foil and 
pressing it tightly on to the fracture surface of 
quenched and drawn nickel steel or nickel-aluminum 
steel. The structure was not much if any coarser 
than the balance of the fracture and the “‘flake”’ 
stood out on account of its brightness alone. The 
defect was larger on the fracture of transverse bars 
(the two fractures on the right in Fig. 1) than on 
longitudinal test bars (the two fractures in the left 
in Fig. 1). In pulling a test bar the defect did not 
show up until the load had exceeded the elastic 
limit after which the tears or pulls appearing in Fig. 
| develop, the bar finally breaking through one of 
them. There is some evidence that this type of 
“flake”’ is not a discontinuity. The following record 
of tests indicates that this may be true: 


Average Physical Properties 


Tensile Elastic Red. of 

strength limit Elong. Area 

No.of Ilbs.per Ilbs.per per per 
Bars. sq. im. Sq. iM. cent cent 


Flake-free bars 182 101,580 68,268 19.51 37.53 
Flaky” bars 152 97,000 68,120 11.59 20.48 

The average elastic limit of 182 good bars is the 
same, within experimental error, as that of 152 
defective bars. The tensile strength of the “flaky” 
bars is lower than that of the good bars. This may 
be explained by supposing the “flake” not to be a 
discontinuity which would cause a sudden failure 
at low load but an area of low ductility which does 
not elongate, as does the normally tough metal sur- 
rounding it, after the elastic limit has been passed. 
These brittle areas part, leaving the load to be sus- 
tained by the tough surrounding metal up to the 
breaking load. 


Eliminating Flakes by Heat Treatment 


An attempt to eliminate these ‘‘flakes’’ by heat 
treatment produced the results shown in the Table. 
The properties in the Table are averages of results 
from two test bars. All came from a 11/-in. thick, 
15-in. dia. disc which had been cut along two 
diameters to produce four quarters which were 
treated as shown in the table. The area of the 
“flakes” was measured with a planimeter on photo- 
graphs of the test bar fractures. A general decrease 
in the area of the “flakes” with corresponding im- 
provement in tensile strength and elongation re- 
sulted from the increased degree of refinement 
produced by the treatments. Discontinuities would 
not be expected to respond to treatment in this 
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Table of Results of Eliminating Flakes 
by Heat Treatment 


= S 
= u 
» ~ = ™ = — v 
~ Y on > . > .. >= 
= SAS arse LS - 3 - 
“a BERS? oes ° ae 
BSS 222704 at C« 
Treatment 84,430 51.435 3.75 14.25 64.1 
As received 
1400 deg.-2 hrs.| 
water 
> 93.460 75.090 fh 7.0 22 
1200 deg.-2 hrs. | dais , ska . 
slow | 
1500 deg.-2 hrs 
water | 
ty 
1400 deg.-2 hrs. | 95.545 65.500 6.75 13.5 16.4 
water 
1200 deg.-2 hrs.| 
slow 
16006 deg.-2 hrs.| 
slow | 
1500 deg.-2 hrs.| 
water | 
101,925 7 5S 24.2 7 
1400 deg.-2 hrs.{ 925 7,465 il ? 
water 
1200 deg.-2 hrs. | 
slow 


manner. The composition of the steel was C 0.40, 
Mn 0.52, P 0.027, S 0.027, Si 0.12, Ni 2.99, and Cr 
0.14 per cent melted in a basic electric arc furnace. 


Effects of Overheating in Forging 


Defects of this type may be caused by overheating 
in forging. Measurements of the temperatures to 
which ingots were heated in a plant where this 
defect was prevalent showed that the bottom end 
was being heated to as high as 2600 deg. F. and the 
top end to about 2200 to 2300 deg. F. Two forgings 
were made from each ingot. Little trouble was 
experienced with “‘flakes’’ in the forging from the 
top, but they were quite prevalent in the forging 
from the bottom end of the ingot. When a maximum 
temperature of 2100 deg. F. was set for heating the 
ingot, ‘‘flakes’” practically disappeared. 


Cooling Cracks 


What seems to have been another type of defect, 
although it also was referred to as a “‘flake,”’ appeared 
in similar metal in another plant. It was the type 
most accurately described as a cooling crack. Etching 
and microscopic examination showed it to be a 
crack. Test bars broke before attaining their elastic 
limit, without elongation or reduction of area. These 
cracks were found to follow the grain boundaries 
in the forging before heat treatment (Fig. 2). 

One of the striking characteristics of these cooling 
cracks was their association with large grain size in 
the forging. This large grain size is shown in the 
photomicrograph, Fig. 2 at 100 X, but was brought 
out more strikingly perhaps in the photomicrographs 
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Fig. 2. Cooling crack following grain boundary of 
large grain of specimen from untreated forging. 
Slightly reduced from a 100X mag. 


of the entire section of test bar ends as shown in 
Figs. 3 and 4 at 7 X. In sectioning through a defec- 
tive area a large grain size like that in Fig. 3 was 
always found, whereas sound areas in which no 
cracks were present had the grain size of Fig. 4 
or finer. 


Slow Cooling a Cure 


It is now well known that a cure for internal 
cooling cracks, whatever their cause may be, is slow 
cooling of the forging in a particular range of 
temperature, probably from 750 down to 400 deg. F. 
The temperature ‘range in which internal cracking 
occurs is probably different for different analyses of 
steel. Carbon steels are not very susceptible to the 
formation of this type of defect, but they are not 
wholly immune if ‘‘shatter cracks” and ‘‘transverse 
fissures’’ in rails and locomotive tires are correctly 
assumed to have their origin in defects of this type. 
Such defects have been practically eliminated by the 
use of a controlled rate of cooling. 

While relatively high carbon steels may be suscep- 
tible to the formation of cooling cracks, the greatest 
trouble has been experienced with low alloy Cr, 
Cr-Mo, Ni-Cr and Ni-Cr-Mo steels. These are steels 
with air-hardening tendency. Susceptibility appears 
to start in sections of 2 to 3 in.; smaller sections 
rarely if ever developed them under normal condi- 


Fig. 3. Left: Photo- 
micrograph showing 
large grains which ac- 
company cooling cracks. 


7X. 


Fig. 4. Right: Photo- 
micrograph of finer 
grain of specimens con- 
taining no defects. 
Specimens in both Figs. 
3 and 4 are from un- 
treated forgings. 7X. 





tions. It is also true that they are not developed in 
the outer one inch or so of surface metal. 

These facts regarding size do not appear to fit 
in logically with the use of a slow cooling rate for 
their elimination since the smaller sections and the 
outer layers which cool most rapidly do not develop 
them. However, there are explanations of this 
apparent anomoly which can be developed from the 
theories advanced for their formation. 


Effect of Hydrogen 


Recent literature attributes internal cooling cracks, 
for which the name “‘flake’”” is commonly used, to 
the presence of hydrogen in the steel. This conclu- 
sion is arrived at largely as a result of finding cool- 
ing cracks to occur inevitably after appropriately 
cooling steels into which hydrogen had been pur- 
posely introduced. There seems to be no doubt that 
hydrogen, in sufficient amounts, will cause cooling 
cracks and that, even in such cases, controlled cooling 
will prevent their occurrence. It has been shown that 
the liberation of hydrogen during cooling can build 
up pressures sufhciently high to rupture steel. The 
absence of cracks in the outer layers is attributed to 
the fact that hydrogen escapes and, as the surface 
cools more rapidly than the interior of the large 
sections, it is strengthened and the stresses, devel- 
oped in the weaker interior by the liberation of the 
gas, are relieved by local cracking. 

It has not been shown, however, that hydrogen is 
the only element which will render steel susceptible 
to this behavior and there is a shortage of data, if 
indeed any exist at all, to show conclusively that 
steels with the normal content of hydrogen which 
may enter during melting can account for the difh- 
culty. Nevertheless, since hydrogen has been shown 
to be an element which can produce cooling cracks, 
its elimination as far as is practicable during melting 
is a step in the right direction. 

It may not be merely a coincidence that lime, 
which can carry considerable moisture into the fur- 
nace, is used in basic practice which produces steels 
prone to develop this type of defect and is not used 
ic such large amounts in acid practice which seems 
to produce metal free of cooling cracks under the 
same conditions of fabrication. 

Analysis of steels for hydrogen may give mislead- 














































































ing results. The fact that a heat of basic steel which 
developed cooling cracks was found upon analysis 
to have 0.00006 per cent H and an acid steel of the 
same analysis and which did not develop them had 
0.00005 per cent H is not conclusive evidence that 
hydrogen had nothing to do with the case. These 
steels had been heated and cooled many times in the 
course of forging and heat treating so that much of 
the hydrogen may have escaped. An analysis of the 
gases in the molten metal in the ladle or in the ingot 
might have given entirely different results. The 
added chances of picking up hydrogen in the arc 
of the electric furnace may explain why the basic 
electric arc furnace seems to produce metal most 
susceptible to cooling cracks. 


Grain Size and Its Effect 


Undoubtedly grain size plays a large part in the 
development of cooling cracks. It is the operations 
which result in the coarsest grain structure which 
produce the greatest tendency toward development 
of cooling cracks. The coarsest grain structure exists 
in the ingot itself. It is not often that ingots are 
sectioned and etched to determine whether or not 
cracks exist in their interior and this is not of prac- 
tical importance for, even though cracks be present 
at this stage, they readily weld during hot working 
and produce a perfectly sound product if handled 
properly after forging. Fig. 5 shows cooling cracks 
in a section from the top of a 19-in. corrugated ingot 
which produced forgings that were satisfactory in 
every respect. In fact there is no stage at which 
hot working will not fully correct this sort of defect. 
Next in order of grain coarseness is the forging. It 
is at this stage of production that inspection discloses 
defects that have occurred during cooling. If they 
are not produced at this stage, they will not occur 
during subsequent treatment. After normalizing, 
which refines the forging structure, cooling cracks 
are not found, unless they were present prior to 
normalizing, although the rate of cooling in this 
operation is one that would produce cracks if 
applied to the coarser forged structure. 

One may say that the amount of hydrogen present 
decreases as the metal progresses from the ingot stage 
through to the normalized forging. Nevertheless, 
the illustrations given in Figs. 3 and 4 indicate that 
grain size in the forging itself, prior to refining by 
normalizing, may have a marked effect and it has 
been demonstrated in the case of 1 per cent Cr, 1 
per cent C bearing steel, susceptible to this defect, 
that forging and finishing at low temperatures re- 
tarded the formation of cooling cracks. The produc- 
tion of a fine grain by carrying hot working down 
to a low temperature is therefore probably favorable 
to the elimination of “flakes.” 

Grain-size may also account for the absence of 
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defects in the surface layers since the outside of the 
forging is more effectively worked at a lower tem- 
perature than the interior, even in the case of rela- 
tively hot finished forgings, and as a result is finer 
grained. Steels most prone to the development of 
cooling cracks have a tendency normally to be air- 
hardening and a coarse grain increases this tendency. 
The absence of cooling cracks in sections smaller 
than 2 in. could result from the finer grain pro- 
duced in working the entire section at a low tem- 
perature. 

A correlated abstract by Zapffe and Sims has ap- 
peared in recent issues of METALS AND ALLOYS 
{ May, June, July and August} on “Hydrogen, Flakes 
and Shatter Cracks’’ in connection with which a 
most complete bibliography appears on the entire 
subject. It is therefore unnecessary here to re-survey 
the literature on the subject. One derives from all 
of it that controlled cooling, following forging, is a 
necessary step in the handling of ‘‘flake-susceptible”’ 
steels and in this connection one must not lose sight 
of the fact that the end of the forging which has 
been finished and is extending out of the furnace 
while the other end is being re-heated for finishing 
may develop cooling cracks if its temperature falls 
rapidly through the danger zone. It should also be 
remembered that the ends of a forging cool more 
rapidly than the middle so that, if burying be resorted 
to, the ends of the forging are best buried first. In 
melting, lime and the rust on scrap can take up 
and retain considerable moisture and thus introduce 
hydrogen into the bath. 


Fig. 5. Etched section from the top end of a 19-in. 


corrugated ingot of C 0.10, Ni 3.90, Cr 1.40 per 


cent steel showing cooling cracks. Center is bottom 
of primary shrinkage cavity or pipe. From a 0.4X. 
mag., slightly reduced. 
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Armor plate, made from electric furnace steels, 
“has been shown to be far superior to that of steels 
made by the older methods’ is a concluding state- 
ment of the authors of this article. “Armor plate 
made in the electrics has under test shown the ereat- 
est resistance to shell fire yet displayed.” 

Besides heavy armor plate for battleships and 
cruisers, the new type of war technique is calling 
for medium and light grades for tanks, large and 
small; for the decks of naval vessels and their aux- 
liavies, both due to the development and use of 
the modern “dive” bombers; for the protection of 
certain parts of airplanes, and so on. 

Undoubtedly electric steel will be a large factor 
in the production of modern armor plate as well as 
other military steels. The authors call attention to 
their company's equipment to meet this condition. 


—The Editors. 


ROM THE VERY OUTSET of the present national 

emergency, it has been obvious that the construc 

tion of a two-ocean navy, plus the wholesale 
mechanization of all our means of land defense. 
would involve some industries considerably more 
than others—and the stee] industry in particular. 


Armor Plate Yesterday and Today 


By and large, in “World War I,” armor plate 
was confined in its application to naval vessels, to 
the limited number of tanks then available, and as 
protection for land batteries. Today's highly mobile 
type of warfare has abruptly changed all that. Gone 
apparently, are the trench-type tactics of 1914 te 
1918. The use of tanks has been multiplied a thou 
sandfold. High-speed transportation of  sizabl 
amounts of infantry in light-armored trucks has be 
come the new order of the day. 

The weight factor has kept armor plate from be 
coming much of a factor in the construction of air 
craft, except for the limited protection of pilot seats 
and some work on gas tanks. On the other hand, the 
development of the modern bomber has created the 
need for immediately increasing the armor plate 
protection available on the decks of naval vessels 
and auxiliaries. The appearance of the deadly “dive” 
bomber has undoubtedly prompted equally sweeping 


Left: Republic Steel's role in the armor plate pro- 
gram is as a maker of electric furnace steels and a 
supplier of forging bars. Subsequent treating and 
fabricating operations are handled by other manu- 
facturers. Tentative armor plate capacity has been 
set up at 7,500 tons per month, requiring approxi- 
mately 10,000 gross tons of electric furnace ingots. 
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revisions in the amount and kind of armor plate to 
be used on the tops of tanks, particularly the larger 
tanks or mobile “land fortresses,’ which were used 
so effectively by the Germans in consolidating their 
rapid flanking advances so successfully against the 
combined French and English armies on the 
continent. 

So far as the United States is concerned, Hitler's 
march to world conquest, if indeed such is his inten- 
tion, may in the last analysis be stopped more by the 
ability of America’s metallurgists and steelmakers to 
produce in quantity, in quality, and with speed, the 
new sinews of war, than by the valor of American 
youths on the field of battle. 

The impression has unfortunately become quite 
widespread that our great American industries are 
able to—or could under compulsion—get into vol- 
ume production on any and all phases of the national 
preparedness program practically overnight. Nothing, 
of course, could be farther from the truth. Many 
industries before they can handle their share of re- 
armament work must practically re-tool their plants 
or otherwise re-arrange much of their existing 
machinery, which may take months to do. 


Electric Furnace Armor Plate 


However, there is one field where, perhaps more 
than almost anywhere else, circumstances have com- 
bined to make available both the physical capacity 
and the necessary trained personnel to function 
quickly and effectively on matters of national de- 
fense. That is the field of electric furnaces and the 
production of electric furnace armor plate. 

Anyone who has had any experience with making 
steel in the electric furnace knows that it is an opera- 
tion which cannot be mastered overnight. We are 
more than fortunate, therefore, that the peace-time 
demands of the Jast 25 yrs. in this country—since 
1915 and World War I, in fact—have been of such 
a nature as to encourage and to promote the develop- 
ment of the necessary skills and techniques which 
are required to produce the fine alloy steels which 
are now so urgently needed in aircraft, tank, and 
armor plate work. 

Extensive and unremitting research into alloy steels 
has been in progress for nearly a quarter of a century 
in some of the steel companies which today constitute 
the Republic Steel Corp. First, of course, came the 
work with the fine bearing steels. This was followed 
by research into the early aircraft alloys of World 
War I days. The problems involved in making steels 
for racing engines were next tackled. Most familiar 
to many, of course, was the development of the stain- 
less alloys. And today we are back once more to a 
large-scale consideration of armor plate. A direct 
result of this long-term research has been the build- 
ing up of a well-trained operating personnel, as well 
as adequate electric furnace facilities, which are now 
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available to meet the present emergency. 

Electric furnaces today are making possible the 
production of the finest alloy steels known to man— 
and on a scale of speed, uniformity, quality, and abil- 
ity to resist present-day fire power, unknown in 
World War I. 


Resistance to Shell Fire 


While it is not feasible, of course, to publish any 
comparative figures for the current volume of armor 
plate which is being made in electric furnaces—as 
contrasted with older methods—it can be said with 
authority that the armor plate made in the electrics 
has under test shown the greatest resistance to shell 
fire yet displayed. 

The general utility of electric furnaces in the na- 
tional preparedness program concerns itself, of 
course, with their ability to produce cleaner, higher 
quality, more uniform alloy steels. Increasing peace- 
time demands from such industries as the automotive 
for more and more special steels, steels that had lit- 
erally to be “tailor-made” to particular specifications, 
created problems for the metallurgist and the steel- 
maker which in many instances could be solved only 
by the use of the electric furnace process. In fact, 
there have been instances where a steel, which had 
been made successfully in the open-hearth for years, 
now has had to be transferred to the electric furnace 
because of more rigid specifications and the require- 
ment of greater uniformity from one heat to the next. 


Electric Furnace Technique 


The operation of electric furnaces has always rfe- 
quired the highest calibre personnel, men with ex- 
tensive electrical as well as metallurgical training, 
and years of actual operating experience. In Republic, 
for example, we have a number of electric fur- 
nace operators who have been in the same work 
even on the same job—for upwards of 20 yrs. or 
more. 

The Liberty motor, product of some of the coun- 
try’s most skillful engine designers, and the ‘‘last 
word” in an airplane power plant in 1918, was made 
possible by the early “aircraft quality’’ steels that 
came from electric furnaces. Much research had pre- 
ceded even these steels because Republic's predeces- 
sor companies, through research, already had become 
the largest producers of fine alloy steels for the auto- 
motive, railroad, and petroleum industries. Today, 
every American-made plane contains alloy steels pro- 
duced by the electric furnace. 

Several types of electric furnace construction are 
in use. Of these, the predominating types are the 
conventional Heroult arc and the high-frequency in- 
duction furnace. Low-frequency induction furnaces 
are few in number. One of the largest of them (6 
tons) is in our Canton plant. 
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Ten Electric Furnaces 


Within the past year, Republic has substantially 
increased its electric furnace capacity. Including its 
two newest 50-ton electrics which are about to be 
put into operation, the Canton plant now has three 
furnaces of 50-tcn capacity, two of 25-ton capacity, 
three of 15-ton capacity and two of 6-ton capacity. 
All basic-lined, these electric furnaces are used to 
produce special carbon steels, alloy steels of all an- 
alyses, and low- and high-corrosion-resistant alloys. 
Exclusive of armor plate steels, the largest produc- 
tion of the furnaces includes the anti-friction bearing 
steels (high-carbon chromium and low-carbon alloy), 
aircraft alloy steels, and semi- and full-corrosion-re- 
sisting alloy steels. 

To provide the working space necessary for the 
newest Heroult 50-ton furnaces installed in the Can- 
ton plant, a modern, well-constructed open-hearth 
was torn down. The new furnaces have single 
12,000-kva., three-phase transformers, but peaks up 
to 16,000 kva. cause no trouble. The highest voltage 
used is 260. Lower taps are 250, 230, 200, 150, and 
135 volts—with 8,000 kva. available on the lowest 
tap. Control is automatic at any desired setting. 
Especial attention has been given to making the fur- 
naces tight against air infiltration. The bottom is a 
monolithic lining of sintered periclase, while the 
upper structure is of the conventional magnesite and 
silica brick. Charging is handled entirely by machine. 

The first of these three furnaces, installed several 
months ago, has been making large amounts of 5 per 
cent nickel and chromium-nickel-molybdenum §air- 
craft steels. It also handles 16 per cent Cr and 18 and 
8 stainless—both with either 0.06 per cent or 0.12 
per cent C maximum. The 18 and 8 products, al- 
loyed with titanium, molybdenum or columbium, 
have been produced with complete success. The fur- 
nace operates entirely from cold stock, each heat tak- 
ing about 8 hrs. Normal output per month per 
furnace will probably exceed 5000 tons, all of it 
special alloys for specific applications. 

Electric furnaces from the very outset have been 
considered synonymous with the production of the 
highest quality alloy steels. Unfortunately, however, 
the early opinion, more or less widespread in the 
industry for many years, was held that so long as 
electric furnaces were used in the production of these 
“fussy” steels many other factors which had to do 
with the ultimate quality of the product could be 
ignored. The ability of the electric furnace to attain 
high temperatures, to afford maximum control over 
oxidation, to provide unusual flexibility on pouring, 
and to handle special and complicated analyses, 
overshadowed, for a time, the fact that many prob- 
lems remained which could only be solved as actual 
experience, acquired literally on the “firing line,” 
could be accumulated. 





Electric Steel for Armament 


Because it was noted very early that electric fur- 
nace steels possessed superior physical properties, the 
electrics were quickly given the production of certain 
types of special steels, tool and ordnance steels, armor 
plate and gun steels. 

However, with the program of world-wide dis- 
armament which was undertaken by common consent 
of ali nations in the early “twenties,” and the tre- 
mendous volume of production which developed dur- 
ing the same decade with the growth of the auto- 
motive industry, the proportion of electric furnace 
steel going into armament became a smaller and 
smaller part of the total. With its decrease, the con- 
tribution of the electric furnace in cae of its initial 
roles as a producer of armament was, therefore, 
more or less forgotten. 

The making of high grade steels is an art, rather 
than a science. The amount of effort which has been 
put into the production of high grade steels would 
fill thousands of pages. No one factor appears to 
solve the problems which must be met from day to 
day. Many of these problems have been successfully 
tackled, yet the operators of electric furnaces feel 
there is much still to be learned, particularly as the 
demand for steels of more or less ‘‘tailor-made”’ qual- 
ity continues on the increase. .The new dictates 
which are constantly being handed to steelmakers, 
the ever-changing standards, and the demands which 
industry at large, and designers in particular, are 


Alloy additions, similar to the one being made here, 

must be closely controlled to produce the fine alloy 

steels now so urgently needed in aircraft, tank and 
armor plate work. 














































































An electric furnace operator must be a combination of rare intuition and patience, and possess extensive 
electrical as well as metallurgical training. He makes the “fussy” steels, measuring and adding the alloying 
elements with an accuracy which would put even a prize cake maker to shame. 


making, are in all cases becoming more and more 
rigid. The man in the street has little comprehen- 
sion and certainly less appreciation of the head- 
aches which have been lived through and are being 
encountered almost daily by the metallurgist and 
the steelmaker in overcoming what to the onlooker 
may well appear to be relatively simple difficulties. 


Bearing and Aircraft Steels 


Most plants using electric furnace equipment have 
been concerned with and trained primarily on making 
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some one product of major importance marketwise. 
For example, we in the Canton-Massillon district of 
the Republic Steel Corp. have been particularly con- 
cerned with and have derived considerable experi- 
ence and training extending over a number of years 
in the making of ball bearing steels of the chrome 
type. They are the ‘Tiffany’ of steels and have led 
the way in quality and excellence in the industry 
for years. The making of these steels has required 
a large investment in time, effort, equipment, and 
personnel over a period of years. In their develop~ 





ment it has been necessary to conduct extensive stud- 
ies of ingots, slags, etc., and the research work is 
by no means yet ended. In fact, the progress which 
we have made so far has simply convinced us that 
our understanding of the electric furnace and its 
products has scarcely more than begun and that, by 
and large, we had better assume that we still know 
but a small part of what will some day represent the 
sum total of available knowledge of the art. Cer- 
tainly up until 1927, the generally accepted belief in 
the trade that simply because a steel was produced in 
the electric furnace, it of necessity represented the 
“hall mark’ of quality was not necessarily supported 
by the facts. This has been borne out by our own 
experience—as well as by the recorded experience of 
others. 


Metallurgical Problems and Training Operators 


Scarcely had we gotten our breath in the research 
on bearing steels than we were plunged into a study 
of modern aircraft steel requirements. Fortunately, 
the production demands in this category of special 
steels were slower to develop and did not reach any 
marked crescendo until around 1935 when such new 
and special tests as the Magnaflux were developed. 

We had the problem of going at the fundamentals 
of the electric furnace practice in an endeavor to ex- 
plain the observations which were being made by 
our keenest operators, the men who had worked these 
instruments and equipment for years. At the same 
time, we also had the problem of training more men 
in furnace operations as well as in the metallurgy 
of steels. These were not simple problems, although 
boiled down they looked simple. An electric furnace 
operator, we found, is not made overnight. He is a 
unique combination of intuition and patience. 

We have, as a consequence, had to expend consid- 
erable time and money on solving these two prob- 
lems, believing that only as they were solved could 
real progress be registered. We furthermore installed 
a pilot electric furnace plant to handle 50 to 300-lb. 
melts as a means of studying the attributes of the 
steels we were interested in. The investment in this 
supplementary equipment has proved invaluable. 

We have also developed a considerable back- 
ground of knowledge through extensive exploration 
in the gas analyses of steels, being the first steel 
company in the country to set up such research work. 

All of the foregoing efforts have helped us to get 
tid of some well established opinions which had 
become widespread and general in their acceptance, 
both in the thinking of steel men and in the current 
literature of the day. For instance, around 1923 we 
had a problem in the making of the everyday, com- 
mon variety of shovel. On being tackled, this 
taught us that alloys when added to steels require 
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definite treating and handling. The experience 
gained in the handling of plain carbon steel is not 
sufficient to satisfy the requirements of handling 
steels with alloys added. Using the microscope at 
relatively high power and supporting the findings of 
this with the X-ray explained our difficulty. While 
we do not use the X-ray in the role of everyday 
equipment, we do make use of it regularly on special 
work, 


Electric Furnace and National Defense 


But what has all of the foregoing to do with the 
present problem confronting the country? What has 
it to do with the contribution of electric furnaces to 
national defense ? 

Briefly, this—the making, shaping, and processing 
of steels used successfully in armor plate are not 
matters of happenstance. Their successful applica- 
tion is the result of much patient work and the get- 
ting and keeping together of a highly trained per- 
sonnel, and the supporting of this trained personnel 
with adequate production facilities and capacities, as 
well as the necessary technical and research equip- 
ment. 

Under the circumstances, and considering the na- 
ture of our “baptism” into the ‘‘fold” of electric 
furnace operators, we in all modesty believe that we 
are no novices at the game. We entered it coldly 
and coolly as a definite undertaking two decades ago 
and since that time have not only produced a cred- 
itable part of the total production of these special 
steels, but also have handled the bulk of the armor 
plate used on scout cars, etc., made in this country. 

With these fundamental problems successfully 
solved, it becomes a relatively simple matter to meet 
present-day demands. Therefore, the increasing of 
our electric furnace steelmaking capacity to a total 
of 11 furnaces, four of which are of 50-ton ca- 
pacity, is a logical development of our experience in 
their operation which extends back nearly 25 yrs. 

At present Republic is the largest maker of elec- 
tric furnace steels in the country. Since the quality 
of these steels, and particularly the armor plate, from 
all tests made to the present time, has been shown 
to be far superior to that of steels made by older 
methods, we believe we are ready to handle what- 
ever demands may be that lie ahead of us in the i 
gram for national defense. 

World War I gave the electric furnace its first big 
push into production. Bearing steels and stainless 
subsequently enlarged the field for action. The 
present urgent requirements inherent in the program 
of national defense may well crowd the electric 
furnace into such volume of production as not all 
the peace-time demands of our peace-time industries 
have yet equalled. 
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A Bell Airacuda multi-engine fighter, pusher type 
plane with two forward firing 37 mm. cannons of 
240 rounds a minute. Speed over 300 m.p.h. 


The Airplane Laboratory 


and National Defense 


by ROBERT C. WOOBS 


Physicist, Bell Aircraft Corp., 
Buffalo, N. Y. 


pilots the safest, fastest, and most flyable planes 

in the world, metallurgical engineering has prob- 
ably attained a more important position in our air- 
craft plants than in any other industry. 

For the rigid inspection of all incoming materials 
and for investigation into unexplored metallurgical 
fields, the Bell Aircraft Corp. of Buffalo, N. Y., has 
recently installed a complete aircraft testing lab- 
Oratory equipped with the latest scientific instru- 
ments for engineering research and manned by a 
staff of skilled workers. Here plane fittings are 
routinely examined by X-rays for cracks, pinholes, 
porosity, gas pockets, slag inclusions, and pro- 
nounced chemical segregation. Special lenses for film 
interpretation, projection apparatus, and micro-den- 
sitometer measurements of X-ray absorption carry 
this branch of science into heretofore unsuspected 
realms. 

Then too, so far as is humanly possible, samples 
of aircraft materials are subjected by other machines 


B pit AMERICA IS DETERMINED to give her 
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to all the fatigue, stresses, strains, and terifhc ten- 
sions existing in a plane hurtling through space at 
nearly the velocity of sound. Salt spray apparatus 
tests to the utmost the ability of plated and anodized 
parts to withstand the corroding rigors of wind and 
rain. Chemists, with sensitive electrometric devices, 
search structural alloys for impurities, the presence 
of which may mean the loss of air battles and lives. 

While this steady routine goes forward day by 
day, other workers busy themselves with the unusual: 
New welding techniques, new heat treatment meth- 
ods, new applications for new alloys, new uses for 
X-rays. Perhaps no one of these contributions 1s 
great in itself, but when added to similar work taking 
place in some of the other foremost American re- 
search laboratories, the total stands as a formidable 
retort to those who would belittle the vigor and 
power of our national defense preparations. 

Some of the features of this laboratory and some 
of the products of the company are presented on this 
and the following pages. 
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General view of the chemical, 
physical, and X-ray laboratory. 


A 200,000 volt X-ray laborator) 
with portable generating apparatus 
and completely lead-lined exposure 
room. There are 307 castings a 
day inspected here in addition to 
a large variety of other industrial 
X-ray examination and research 


work. 


A Beil Airacuda multi-engine fight- 
ing plane. Rear protection—4 
flexibly mounted machine guns. 


A Bell Ai£racobra pursuit 
plane. Only single engine 
fighting plane made with 


motor amidships Also onl) 


pursuit ship to carry a 37 

mm. cannon and 4 machine 

guns. Speed about 400 
mph. 





Metal failure due to fatigue is one of the major 

problems in the manufacture of airplanes. Reflex 

vibration fatigue tester with automatic recorder and, 

in background, Moore high speed tester which per- 

mits stress reversals on test bar over a million times 
each hour. 


A sensitive potentiometric instrument for accurate 
determination of metal traces in solution, A pparatus 
may also be used as a portable pH meter. 
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¥ . a A 300,000-lb, tensile-com pression testing machine 
~ with Emery weighing system and extensometer unit 
bites i] for making accurate stress-strain curves. Brinell 
or, 4 - . . . . . 
a . attachment and special microsco pic equipment permit 
Oe, y hardness determinations. 
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This 220-ft.-lb. impact 
testing machine will 
make Izod, Charpy, or 
tension impact tests 
with high degree of 
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Testing resistance to corrosion of plated and ano- 
dized aircraft parts in the latest type of salt spray 
equipment. Such tests are particularly valuable on 
planes which will be exposed to sea air and moisture. 














Bearing Metals 
from the Point of View of 
Strategic Materials —Ik 


The second installment of this discussion, continu- 
ing the one published in September, deals in the 
latter part with certain phases of the strategic metal 
situation—tin and antimony—as they affect not only 
bearings and bushings, but also battery plates. The 
silver and gold situation is also discussed as related to 


bearings —T he Editors. 


behavior of a bearing is affected by many factors 

of design, dimensions and finish that have nothing 
to do with materials of shaft and bearing, and that 
when full fluid lubrication is established (and not in- 
terfered with by grit in the oil) behavior is not 
affected by the materials. 

These statements need to be modified in that the 
initial finish which it is commercially feasible to 
give the shaft and bearing will vary with the mate- 
rials, as does the way they wear-in in service; that 
shaft and bearing deflections, i.e., stiffness, are con- 
trolled both by design and materials; that materials 
that show plastic flow under the temperatures and 
pressures of service will not maintain the initial 
dimensions; that the important matter of operating 
temperature of a bearing, especially of the working 
surface of the bearing, is partly controlled by the 
thermal conductivity of the materials, and that the 
operating clearance may be affected by the thermal 
expansion of the materials. 

It was shown that the primary need for proper 
choice of materials for shaft and bearing arises, not 
during the normal operation of the bearing, but 
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during starting and stopping, when is too low 
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to establish a complete lubricating film. This, too, 
needs to be modified in that the presence of grit 
in oil may occur in ‘‘normal’ operation, that vibra- 
tion may occur in service, as is discussed by Soder- 
berg,'® and that shaft and bearing deflections in 
service may likewise occur. However, all these factors 
are akin, in their effects on the supporting pancake 
of oil, to those occurring in starting and stopping, 
though their effects are usually more local. Such 
factors are the cause of the statement of Sparrow,’® 
who says that the automotive engineer is a pessimist, 
he designs his bearings to maintain an oil film, but 
knows he will not succeed. 


Galling, Seizing, and Scoring 


In the breaking-in or wearing-in of a new bearing, 
the behavior is, as Figs. 7 and 8 in the previous 
installment show, an exaggerated case of what tends 
to happen during normal starting and stopping. The 
actual shaft and bearing are far from the perfectly 
smooth, perfectly true, perfectly cylindrical and per- 
fectly aligned pair of surfaces envisaged by theory. 
If sufficiently magnified, the surfaces are a pair of 
corrugated wash boards full of peaks and valleys, out 
of round, conical and not in perfect alignment. 
Moreover, the surfaces are warped through deflection 
of shaft and. bearing under load. The theoretical 
clearance calculated from the measured dimensions 
of shaft and bearing may be greatly exceeded or 
diminished locally at the actual mating areas. Due 
to end play, the mating areas will move back and 
forth over each other. Hence, no matter how care- 
fully the shaft and bearing are prepared, they will 
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fall short of mathematical exactness. Hand scrap- 
ing of bearings, when hand work was the rule, was 
used to get a better approach to exactness and leave 
less for the bearing itself to do in the running-in 
period. 

Any tall projections that, in spite of the oil film, 
actually hit each other and interlock, are naturally 
torn off or battered down very early in the wearing- 
in process, leaving only rounded peaks of large ra- 
dius of curvature. Much of the smoothing process 
in wearing-in occurs as a sort of lapping from grit 
particles in the oil, or from metal particles previously 
torn off. Any such particle too large to pass through 
the clearance of the wedge of oil at the nearest ap- 
proach of shaft to bearing tends to scrub the mating 
surfaces and rub off the films that are upon them. 
Similarly, as the shaft starts to move from rest, or 
comes to rest from motion, the opposing rounded 
peaks can touch and rub off the films. If the films are 
removed so that truly clean metal surfaces meet, even 
at the most minute points, they tend to weld together, 
nor need the temperature and pressure be high to 
promote this incipient welding. 

When such welding takes place only in sufficiently 
minute spots, the motion of the shaft can tear the 
weld apart, a tiny chunk torn out from one mem- 
ber adheres to the other, later to be torn off or bat- 
tered down. Welding followed by release, or the 
dragging along of a considerable volume beneath 
the weld before the chunk is torn loose, is called 
“wiping.” This welding or galling, if on a suf- 
ficiently minute scale, may not roughen the surface 
seriously, and the wound may be healed by later 
lapping action. However, if it is on a sufficiently 
large scale, the shaft may seize, weld, or “freeze’’ 
to the bearing so firmly that it cannot be turned. 

The lubricant is sometimes able to corrode or etch 
the metal surface, and such action may be selective 
upon some constituent of a non-homogeneous sur- 
face. Variations in seizure propensities, or in lap- 
pability of different constituents may also result in 
finally producing a worn-in metal surface with low 
hills and shallow pockets, rather than a mathematical- 
ly perfect surface. Especially during the wearing- 
in period, the selection of a non-homogeneous alloy 
or intentional production of a slightly corrugated 
metal surface, so as to favor production of shallow 
hills and pockets may be helpful, in that the pockets 
may retain lubricant when the shaft is at rest, ready 
to spread by capillarity as soon as the shaft begins 
to move but before its motion makes it effective as 
a pump. The pockets may also be so placed that 
grit can dodge into them without doing much damage. 
Hence, too close an approach to a superlatively 
smooth finish, but one that still needs some wear- 
ing-in, may not be a good thing. Shaw"? noted that a 
matte finish may give a lower coefficient of friction 
than a smoothly polished one. 
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Films 


When a bearing has become thoroughly worn in, 
it has a characteristic glazed appearance, evidence 
that a film of some type has been built-up. This 
glaze may be analogous to ‘‘varnish’’ on pistons and 
rings, which is a troublesome cause for ring-sticking, 
and it may not have any virtue in itself, but merely 
be an evidence that, during the running-in period, 
the bearing surface behaved properly. Such a film 
might, of course, conceivably possess “E.P.’”’ prop- 
erties and be a positive virtue, but we know of no 
direct evidence on this point. It would seem to be 
impossible to completely eliminate films from a 
metal surface in service. As electron diffraction 
shows, a truly metallic surface is a rarity and in any 
environment such as that surrounding a bearing, 
where many types of active materials are present, 
film formation would seem inevitable. Therefore, 
it is likely that the ordinary bearing is covered by 
a film during most of its life, and it is quite pos- 
sible that such films are necessary to prevent seizing, 
since it is well known that really clean metal sur- 
faces may weld together with the lightest rubbing 
contact. 

The necessity for a film is very clear in the case 
of hypoid gears. Under the pressure and rubbing 
of steel against steel in these gears, seizure takes 
place in ordinary oils, and it is necessary to make 
“Extreme Pressure’ additions to the lubricant, such 
as sulphur and lead soaps, which form a lead sulphide 
film upon the gears and re-form it as fast as it is 
scrubbed off. Under less severe conditions, in bear- 
ings, it suffices to add certain chlorides, phosphates, 
organic acids and the like, which tend to attack the 
surface and produce a film of adherent, tough cor- 
rosion product upon it. (But, in order to prevent 
too rapid corrosion by strong E.P. lubricants of 
the bushings used in gear boxes, the ordinary leaded 
bronze bushing may have to be replaced by alloys 
of the aluminum bronze type). 

Under still milder conditions, the addition of 
“polar” molecules which are firmly absorbed by the 
metal surface, (or the retention in the oil of those 
naturally occurting there), will serve. Oxides and 
sulphides produced by the metals themselves with 
the atmosphere, the moisture and the sulphur com- 
pounds in the oil, enter into the films met on bear- 
ings and shafts. (Data from Campbell* show. that 
the coefficient of static friction, determined in a 
particular manner, falis from 0.30 for clean metal 
to 0.15 with a sulphide or oxide film). 

It is to be notéd that “oiliness” additions have 
no effect whatever upon full fluid lubrication, their 
effect is solely exerted during boundary lubrication 
and seems to be due to an adsorption rather than 
to a true chemical reaction. It is fortunate that films 
are so readily formed, for if we really had truly 
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clean metal surfaces separated only by an oil film 
from which no layer was absorbed, seizure would 
make bearings impossible. From this point of view, 
a non-scoring or non-galling material is one that un- 
der the conditions of service, acquires and retains 
some sort of non-metallic film that hinders welding. 
The anti-seizing propensity of a bearing metal is an 
important feature in its suitability. 


Embeddability 


Grit in bearings is a serious cause of trouble; 
how serious depends on the type of bearing. In a 
rotating bearing, grit and particles of metal debris 
tend to be flushed out by the oil. In a reciprocating 
bearing, such particles tend to be trapped at the end 
of the stroke and ground back and forth between the 
moving parts. The service conditions in a reciprocat- 
ing bearing are therefore the more severe, and may 
require different bearings or harder shafts. Grit is a 
source of difficulty because it may scratch through 
the protecting films and either directly abrade the 
metal, or clean it so that it will weld and gall. 

This calls for another property of a bearing metal, 
ability to engulf or embed a grit particle and keep 
it out of contact with the shaft, a virtue that is called 
embeddability. If the layer of bearing metal, is 
too thin, as Swigert’® points out, or if it only embeds 
without engulfing the grit, the grit so held may lap, 
or even score the shaft. Hence, against bearing met- 
als too hard to engulf grit, it is necessary to use 
shafts so hard that they are not readily lapped or 
scored. If the hard shaft has a ‘‘non-metallic’’ sur- 
face, as when nitrided, or chromium plated and hence 
covered with a chromium oxide film, the shaft sur- 
face may be non-welding as well as non-scoring. 

Underwood” suggests a way of providing a com- 
promise between load-carrying ability on the one hand 
and embeddability and conformability on the other, 
in bearings in which the load is mostly on one half 
of the bearing. He cites a case of such a bearing 
in which the use of copper-lead for both halves caused 
scoring. The load was too high for the use of bab- 
bitt in both halves. But by making the highly loaded 
half of copper-lead and the lightly loaded half of 
babbitt, the bearing stood up without scoring, prob- 
ably because of the embeddability for grit in the 
babbitt half. This scheme, he comments, may be 
applied to many bearings in Diesel engines and 
moderate speed bus and truck engines. 

Embeddability is greatest in a material of low yield 
strength. A low yield strength may be valuable in an- 
other way. Underwood” says: “In trying materials 
other than babbitt trouble is sometimes experienced 
in unaccountable seizure to the shaft, and the trouble 
is laid to the lubricant and the lubricating system. 
The trouble is basically in the deflections of the 
crankshaft. Mere deflections, which are inherent in 
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all engines to a greater or lesser extent and which 
are caused by flexibility of the crankshaft and crank- 
case, by lack of proper counter weights, by tor- 
sional vibrations, etc., produce local rupture of the 
oil film thereby actually allowing metal-to-metal rub- 
bing. Babbitt or a similar non-scoring material is re- 
quired to take care of this set of conditions. It 
will permit conforming of the bearing surface to fit 
the journal under the conditions of deflection without 
seizing or scoring.” This is the property termed 
“conformability.”” Compare Fig. 6 in the previous 
installment of this discussion (September). 


Conformability 


In discussion of Underwood's paper, Dickinson re- 
marked that a bearing metal should be elastic up to 
some particular pressure, with no permanent yield 
below, but above it the metal should flow to conform 
to local excess pressures. The yield strength should 
be low enough to prevent rupture of the oil film, 
so that the film may prevent metallic contact. The 
bearing metal must mot yield at the maximum load 
of the bearing at the highest temperature at which 
it runs, but must yield and conform to high local 
pressures. 

In the same discussion it was pointed out that the 
shaft deflection that causes the bell mouthing of 
the bearing resulting from the end pressure indi- 
cated in Fig. 6 in the previous installment, is not 
the same at different loads so that a conformable 
metal gets shoved back and forth like a piece of put- 
ty in order to conform to varying shaft deflections. 
It would be advantageous for the bearing metal to 
have a low modulus of elasticity so that it can easily 
accommodate itself and take up these changes in 
necessary contour, by elastic deformation. Actually, 
useful bearing metals do have rather low elastic 
moduli. Bassett?? expressed this point of view and 
comments that low modulus can be provided by suit- 
able choice of the backing material. 

A low modulus or a low yield strength would 
serve to prevent the bearing metal from holding a 
piece of grit that is large in respect to the clear- 
ance, up against the shaft. Since such a piece of 
grit exerts high local pressure when it is caught in 
the clearance, the low modulus bearing can dodge 
out of the way more easily. This is analogous to the 
way a rubber wringer roll lets a button through 
and then returns to normal position. 

The virtue of seizure resistance is partly ascrib- 
able to a specific behavior arising from the chemical 
composition, that of embeddability is ascribable to 
softness, and that of conformability to low yield 
strength and low modulus. They are found in bab- 
bitts compounded with low melting metals as bases, 


and vary with the amount and nature of the alloying 
elements used. 
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Bendability 

Still another desired virtue in a facing for a lined 
bearing is bondability, the ability to form a firm 
bond with the bearing back. The liners of poorly 
bonded bearings obviously will be unable to stand 
as great loads as well bonded ones. Some authori- 
ties go further and state that cracking, the usual me- 
chanical failure of lined bearings, is generally due 
to, or is only serious because of, poor bond and this 
cause of failure has not yet been proved entirely 
blameless. 


Willi? points out that as long as the 










































A machine being used for studies of fluid film lubri- 
cation, using plane slider bearings. (Courtesy: Gulf 
Research and Development Co.) 
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pieces of babbitt adhere, the bearing may function 
nearly as well as though the lining were intact. How- 
ever, it is obvious that if a crack runs from a lo- 
cation of high pressure to one of low pressure, it 
will have something the same deleterious effect on 
oil distribution as does a similarly poorly placed oil 
groove. Underwood?" argues that oil pressure acting 
through a crack tends to undermine the lining and 
loosen the “'tiles.’’ 


Fatigue Resistance 


Other authorities ascribe the cracking of lined bear. 
ings to fatigue under repeated stress. Underwood’, 
McCullough in the discussion of Underwood's pa- 
per and Macnaughtan** emphasize this for ordinary 
babbitts. Linings of 74 Cu-1 Ag-25 Pb are?® evalu- 
ated as not sufficiently fatigue resistant for continuous 
service in aircraft engines. Silver is extremely fa- 
tigue resistant. 

It is unfortunate that published data on fatigue 
resistance of bearing metals are very scarce, and 
not readily comparable. High ductility in a bearing 
metal is no insurance against fatigue failure, any 
more than it is in the fatigue of other metals, but 
there is a general belief that the harder, more brittle 
members of any series of babbitts are more liable 
to fatigue cracking than the softer ones. Neverthe- 
less, as is generally true in fatigue, the stronger the 
alloy at operating temperature, the more likely it is, 
withifi limits, to resist fatigue. 


Corrosion Resistance 


A further necessity is that the bearing shall not be 
too severely corroded by the lubricant. At the tem 
peratures at which they can operate safely from other 
points of view, the common tin base and lead base 
babbitts, and the bearing bronzes are not seriously 
corroded, but some oils rapidly attack some of the 
other bearing metals at temperatures at which we 
would like to use them. This is a matter of great 
importance in bearings for severe duty. 


Complexity of Actual Bearings 


As an engineering structure, a bearing is much more 
complex than merely two metals separated by a film 
of oil. Instead of three parts, it may have: 


(1) The shaft body—giving stiffness and resistance to de- 
formation, and affecting performance by its hardness, con- 
tour and surface finish. 

(2) The shaft surface—carrying an oxide or other film 
in strong or weak chemical combination. 

(3) The absorbed film of “‘oiliness constituents’ of the 
lubricant, clinging to the oxide or other film on the shaft 
surface. 

(4) The oil itself in the clearance space—containing dis- 
solved air, moisture and oxidizable or oxidized constituents 
which may affect ultimate performance by corrosion, varnish 
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formation, change in viscosity, etc. The clearance dimen- 
sions are mechanically important. 


(5) The grit and other foreign matter suspended in 
the oil. 


(6) The absorbed film of “oiliness constitutents’ upon 
the bearing, which may not be the same as that upon the 
shaft. 

(7) The oxide or other film on the bearing metal. 

(8) The bearing metal body with the effects of its hard- 
ness, contour, and surface finish, also of its thickness, if the 
bearing is a lined bearing (not a bushing). 

(9) The bond between the lining and the backing, in a 
lined bearing. 

(10) The backing metal of the bearing. Whether the 
bearing is lined or a bushing, then come: 

(11) The interface between the back and its support, the 
fit affecting the thermal conductivity and the flexure under 
load. 


(12) The bearing support, having effects as to degree 
of stiffness and ability to drain heat from the whole bearing. 


All these, plus the dimensions, the oil grooving 
or other means of oil supply, have to be chosen in 
respect to the load and speed, and the type of loading, 
whether unidirectional or reciprocating. 

The other parts of the assembly, as well as the 
one bearing under consideration, affect the methods 
of oil supply, the oil temperature, and the ability 
to dissipate heat through shaft and bearing. 


Bases of Evaluation of Bearing Metals 


A bearing metal needs to be evaluated on the 
bases of 


bondability (of a lining metal) and, whether it is a 
bushing or a lining, on— 

resistance to pressure ) load carrying ability, compressive 
conformability r yield strength, or creep, of which 
embeddability enough, but not too much, is 
elastic modulus wanted. 

resistance to fatigue 

seizure resistance, behavior as a 

lap ability to adsorb “‘oiliness’’ ¢anti-friction 
constitutents characteristics 
thermal expansion and clearance required 

thermal conductivity 

resistance to corrosion 


It will be noted that no requirement is laid down 
as to metallographic structure. The old idea that a 
“bearing metal’ must have hard particles in a soft 
matrix, as in ordinary babbitts, or soft particles in 
a hard matrix has been thoroughly exploded. The 
efficacy of tin, lead, or cadmium coating on pistons 
to carry them safely through the break-in period in- 
dicates that some pure metals have bearing proper- 
ties, though here the analogy with sleeve bearings 
may not be exact. 

Goodman?* reported that, within its ability to 
withstand deformation, pure lead is an excellent 
bearing metal. 

Boegehold?* showed that a very thin film of pure 
tin on a supporting steel back functioned excellently 
as a bearing, and Underwood* says that pure lead, 
tin, cadmium, silver, and bismuth have excellent to 
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A detailed view of the test specimens of a machine 

being used to study departure from fluid film lubri- 

cation at high loads. (Courtesy: Battelle Memorial 
Institute ) 





good friction characteristics in somewhat the order 
listed. Several other workers have corroborated this 
for tin, and the commercial use of silver in aircraft 
bearings adds further evidence that a heterogeneous 
structure is not essential. 

No discussion has been given above of “low co- 
efficient of running friction’ or “long wearing 
properties,” though these are what we want in the 
operation of a bearing, and their determination has 
had much attention in the development of bearing 
testing. As was brought out in Part I, running fric- 
tion is a resultant of bearing fit and finish, oil vis- 
cosity and operating temperature, and is affected by 
the way the bearing responds to wearing-in and to 
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grit. The real question is not so much how low a 
coefficient the bearing will show under most favorable 
running conditions, as whether we dare to operate it 
at a close approach to so low a coefficient. 

Wear resistance is a resultant of fit and finish, seiz- 
ure propensities, behavior with grit, corrosion resis- 
tance (for formation of corrosion products that are 
wiped off shows up as wear) and strength and hard- 
ness. It is vastly affected by how the bearing is op- 
erated, as to temperature, nature of loading, and to 
cleanness of oil, and especially as to the relative num- 
ber of stops and starts, i.e., the opportunity for seiz- 
ure. It is extremely difficult to make wear tests in 
the laboratory or in service in which we can be sure 
that two bearing metals being compared are prepared 
and tested in truly comparable fashion. Long ex- 
perience with large numbers of bearings of each com- 
position gives a sort of over-all appraisal on the basis 
of increase in clearance but seldom tells just what spe- 
cific property is producing the major effect. 

Moreover, if a long-wearing bearing fails from 
poor fatigue resistance or as a result of poor bond- 
ability, it has no opportunity to demonstrate its prop- 
erty of wear resistance. 

Any bearing metal is a compromise, no one bear- 
ing metal has all the virtues. Testing a metal to make 
sure it has the necessary virtues in proper degree with- 
out an improper degree of some of the drawbacks, is 
no easy matter. Hence the final test of a bearing metal 
is its behavior in actual bearing service. Specific 
tests can, however, often eliminate metals that would 
be useless as bearings. 


The Factor of Temperature 


All the properties need to be evaluated at the high- 
est temperature it is desired to run the bearing, and, 
in a lined bearing, in respect to the actual thickness, 
on the actual back used, rather than in massive form. 
Temperature is a crucial matter. The properties of 
bearing metals at 300 deg. F. are decidedly more 
important than their properties at room temperature. 
Crank case temperatures on automobiles driven at 
75 m.p.h. in summer may reach 280 deg. F.28 The 
actual bearing surface temperature can be much 
higher. Nobody knows just how high the surface 
temperature of an airplane engine bearing may rise 
in a power dive. In general aircraft service, bear- 
ing temperatures are? at least above 275 deg. F. Wil- 
liams*® reports cracking of babbitt in 10 hrs. opera- 
tion at 275 to 300 deg. F. Sparrow’® says that bear- 
ing failures in automobile engines arise more from 
reduction in amount and viscosity of oil fed as a con- 
sequence of high temperature than from the effect 
of temperature on the bearing metals themselves, 
while McDonald** points out that bearing failures 
in Diesels most commonly result from excessive tem- 
perature, not excessive pressure, and is especially con- 
cerned with corrosion brought about by high tem- 
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The Amsler wear testing machine which with proper 

control can be used to determine the seizure char- 

acteristics of bracing metals. (Courtesy: Battelle 
Memorial Institute) 


perature. Faulkner*? remarks in relation to special al- 
loy bearings, that what appeared at first to be lubri- 
cating problems resolved themselves into problems 
of engine design and cooling. 

Some bearings are so highly loaded that, at operat- 
ing temperatures, bearing metals that are excellent for 
lower load will not serve, they will squeeze out. Un- 
derwood?! points out that an automobile engine con- 
necting rod is bushed with tin bronze at the upper 
end to take the piston pin. The rubbing speed is 
low but the pressure very high. A material of high 
compressive strength is required. At the lower end, 
where there is room for a larger bearing area so 
the pressure can be kept down, but the rubbing 
speed is high, tin-base or lead-base babbitt serves. 
If the two were interchanged, i.e., if the small end 
piston pin bearing were made of babbitt, it would 
squash out under the load and if the big end bearing 
were bronze, it would seize under the high rubbing 
speed. 

Bearing metals that have been used in actual serv- 
ice range from pure lead linings with a Brinell 
hardness of 3 to 4 at room temperature, up to alpha- 
delta bronze, 81 Cu-19 Sn, for bridge turntables, 
with a room temperature Brinell of around 125 or 
more. The lead has a (tensile) yield stress of some 
350 Ibs. per sq. in., the high tin bronze a (com- 
pressive) yield stress of some 24,000 Ibs. per sq. in. 


Commercial Materials for Bearings 


Materials in commercial use for bearings are, in 
the order of their hardness at operating temperatures: 


Babbitts 
Lead base—90-75 Pb alloyed with Sb and Sn 
Tin base—90-80 Sn alloyed with Sb and Cu 
Alkali hardened lead—98-95 Pb alloyed with Ca, etc. 
Cadmium base—9¥-99% Cd alloyed with Cu, Ag, or Ni 
Bearing Metals 
20-35% Pb, balance Cu, perhaps with 





Copper lead 
Ni or Ag 

Silver—Pure, or containing a little Pb 

Leaded bronzes—1 to 10% Sn, 10-35% Pb, balance Cu 

Bronzes—Cu-Sn-Zn alloys with up to 10% Pb 
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Bearing metals suggested but only in experimental 
or very minor use are: 


Aluminum base 
Magnesium base 


all variously alloyed 
Zinc base 


The babbitts are relatively soft at operating tem- 
perature, 5-15 Brinell at 300 deg. F. and hence have 
conformability and embeddability. The bearing met- 
als are harder, 20 to 120 Brinell at 300 deg. F., 
lack conformability and embeddability, and require 
harder shafts and greater precautions against failure 
of lubrication. Seizure resistance decreases from the 
top to the bottom of the list. The babbitts seize 
with difficulty, straight bronzes seize easily. The 
only strategic metals in the list are: tin and antimony. 
Those restricted by supply or price are: cadmium and 
silver. All the others are readily available from do- 
mestic sources. 


THE TIN SITUATION 


According to statistics of the U. S. Bureau of 
Mines, the tin content of finished manufactures in 
the United States for 1937 was, in gross tons, 90,- 
000, of which 73,000 was primary and 17,000 was 
secondary tin. Babbitt took about 6,800 tons, of 
which 4,500 was primary, 2,300 secondary, while 
bronze took 6,500, of which 3,700 was primary, 
2,800 secondary. Slightly smaller amounts, but in 
about the same ratios, were used in 1939. The U. S. 
mined 34 tons in 1939! Of this, 33 tons came from 
Alaska. There are no figures on how the bronze was 
divided among bearings and other bronze articles, 
but in view of the large use of bronze for corrosion 
resisting purposes it is obvious that bronze bearings 
do not require the lion’s share. 

The bronze most used for bushings are, in the 
order of importance: 


80 Cu-10 Sn-10 Pb — 
83 Cu- 7 Sn- 7 Pb-3 Zn 
85 Cu- 5 Sn- 9 Pb-1 Zn 


Those most used for backs, to be lined with bab- 
bitt, are, in their order of importance: 


85 Cu- 5 Sn- 5 Pb-5 Zn 
85 Cu- 5 Sn- 9 Pb-1 Zn 
80 Cu-10 Sn-10 Ph — 


The bearing backs for railway cars approximate: 
73 Cu- 6 Sn-20 Pb-1 Zn 


The bronze bearing situation could be taken care 
of for some time by more thorough utilization of 
scrap. Railroad bearing bronzes are already made 
by remelt of scrap bearings, with only minor 
amounts of new metals. The smaller bronze bush- 
ings likewise use chiefly scrap as raw material, which 
is melted in cupolas in which the zinc is nearly all 
volatilized while the copper and tin, with some of 
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the lead are retained. By addition of lead in 
the ladle and of a minor amount of tin or reclaimed 
solder, the desired compositions are made up. Ac- 
tually, that part of the tin content of bearing bronzes 
up to 5 or 6 per cent tin can be figured as coming 
wholly from scrap, only the balance having to be 
added. As long as more scrap can be gathered 
when its price pays for collection, there is a reserve 
which can be called upon in an emergency, and tin- 
containing scrap could be primarily allocated to 
bearings, since for corrosion-resistant applications 
various tin-less copper-base alloys would serve nicely. 

It would be desirable to find other strengthening 
elements for the matrix of leaded bronzes which are 
compatible with large amounts of lead and with the 
tin in scrap. 

Bronze bushings are normally used with rather 
hard shafts, so that other materials that will run 
against hard shafts could be substituted with less 
difficulty than if soft shafts were used. 

Hence it is the babbitt, rather than the bronze 
bearing, which needs chief attention from the point 
of view of strategic materials. A manufacturer of 
babbitt states that (outside of the automotive industry 
where most of the babbitt is tin-base), in the bab- 
bitt supplied for ordinary shop babbitting, perhaps 
80 to 90 per cent of the total tonnage is lead-base, 
with 5 to 10 per cent tin, rather than the tin-base 
type very high in tin. Hence substitution for the 
smal! amount of tin in the lead-base alloys is almost 


as important as substitution for the tin-base type 
itself. 


The Case of Antimony 


The use of antimony as a hardening element in a 
tin- or lead-base babbitt might not appear to be in 
keeping with the status of antimony as a strategic 


A bearing tester used to study either the seizure 

characteristics or fatigue resistance of full size air- 

craft rod bearings. (Courtesy: Pratt & Whitne) 
Aircraft Corp.) 
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material, since China has been the chief producer. 
The world production in 1937 was in metric tons: 


China 15,146 
Mexico 10,638 
Bolivia 4,230 
U.S 1,148 


In 1937 the United States imported about 15,500 
short tons, of which some 9,500 came from Mexico, 
only about 1,300 from China. The Japanese “in- 
cident’” in China decreased the export of antimony 
so that in 1938 Bolivian production stepped to the 
top, above Mexico and China, although United States 
imports from Mexico were greater than from Bolivia. 
In all, 85 per cent of United States imports came 
from Mexico and South America. Mexican ore is 
now refined at Laredo, Texas. 

This hemisphere can supply a normal antimony 
demand, though actual United States production, ac- 
tual or potential, is relatively small. 

According to “Mineral Industry,” 14,500,000 au- 
tomobile storage batteries are made in an average 
year, each containing an average of 21.6 lb. lead 
plus antimony. (With the new headlights, the bat- 
tery size and weight will increase.) If each battery 
contains 2 lb. of antimony, a year's stock of bat- 
teries contains 13,000 tons of that metal. 


Calcium in Battery Plates 


It would be possible to replace the antimonial 
lead battery plates by lead hardened with 0.1 
per cent calcium (strontium will likewise serve). 
According to Haring and Thomas**, whose opinion is 
hacked by that of Schumacher and Phipps*’, the 


The General Motors Bearing Tester, used largely to 

investigate the fatigue resistance of automotive rod 

bearings. (Courtesy: General Motors Research 
Laboratories ) 
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lead-calcium alloy is not only a substitute for, but in 
some ways superior to, the lead-antimony alloy. Cal- 
cium has been imported, but is now being produced 
in the United States and its production could be 
readily expanded, since there are plenty of raw mate- 
rials. 

Thus, through replacement by calcium, the anti- 
mony content of the storage batteries that go out of 
service each year could be called upon to supply 
antimony for use in babbitt. Lack of imports or dis- 
turbance at the Texas smelting plant could, there- 
fore, be offset by using new lead alloyed with cal- 
cium for manufacture of new storage batteries in- 
stead of remelting old battery plates with the addi- 
tion of a little new lead and antimony. 

Cadmium base babbitts can, within certain limits 
to be discussed later, be substituted for tin-base bab- 
bitts. However, since cadmium is a by-product of 
zinc manufacture, the supply depends on the rate of 
zinc production and hence wholesale substitution of 
tin by cadmium is not feasible on the score of supply. 
The world’s annual production of cadmium in 1937 
and 1938 was 2,100 tons, of which the United States 
and Canada supplied 1,000 tons. Much of this 
is already used in bearings. 


Silver and Gold 


Silver is produced in the United States and in 
nearby Mexico and Canada. A large amount of 
silver is in storage for monetary purposes, with 
a further reserve in coins and in the sterling silver 
in the households of the country. 

In 1939 the United States and Canada used 34,- 
000,000 Troy ounces of silver for industrial pur- 
poses, while in that year the United States Treasury 
purchased 341,000,000 oz. In accumulated Treas- 
ury holdings at the West Point repository, at the 
Treasury, and in coinage, the United States govern- 
ment has some 2,930,000,000 oz. This is 100,000 
avoir. tons. 

If silver were substituted for the same thickness 
of babbitt, taking the difference in densities into ac- 
count, there is enough silver in the possession of 
the government -now to replace babbitt for 10 yrs., 
at the 1937 demand, and more silver is constantly 
being purchased. 

The American silver producers have been actively 
engaged in trying to find industrial uses for silver. 
If silver is useful in bearings and if its use is justified 
either by normal economics, or by the economics of 
scarcity in a tin shortage, it will be used in bear- 
ings just as it is used in the movie industry and in 
amateur photography. 

Indeed, if gold, which has a room-temperature 
Brinell hardness of around 30, quite in the range of 
materials of the super-babbitt type, were needed for 
bearings, there is enough gold to make a lot of bear- 
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ings. The gold supply in the United States accumu- 
lates so fast that statistics on it are always out of 
date—it is now over 20 billion dollars, figured at 
$35 per troy ounce. If the monetary needs in the 
past and the earmarked gold be subtracted, there is 
at least 12 billion dollars, or 340,000,000 troy oz., 
11,000 avoir. tons, that could be released for in- 
dustrial use. If a gold-plated bearing were good, that 
amount of gold would plate many bearings. 

In the next installment we will consider the prop- 
erties of the important bearing metals, from which 
the interchangeability of one alloy for another can be 
approximately determined. 


(To be continued) 
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Metal tubing, both ferrous and non-ferrous, is 
extensively used, particularly in any rearmament pro- 
gram. Applications include aircraft landing gear, 
engine mounts, fuselage frames, exhaust collector 
rings which resist corrosion, marine boiler and con- 
denser tubes, and so on. It is essential to use as 
nearly a perfect product as possible. 

The author describes a new method for the non- 
destructive testing of welded or seamless tubes, bars 
and other articles of both ferrous and non-ferrous 
metals, generally cylindrical in form. It is claimed 
applicable to non-magnetic as well as to magnetic 
material. A large American producer of tubing has 


been a user of the equipment for 3 or 4 yrs.—The 
Editors. 


metal tubing (or pipe) as an engineering mate- 

rial, because of its peculiar combination of prop- 
erties, including maximum strength and rigidity 
with minimum weight, as well as the capacity to 
conduct fluids under pressure. As engineering and 
fabricating requirements become more exacting, the 
importance of freedom from mechanical defects and 
imperfections increases. 

A few typical applications of tubing in the pre- 
paredness program include, aircraft landing gear, 
engine mounts, fuselage frames, exhaust collector 
rings (of corrosion resisting steel), marine boiler 
and condenser tubes, the oil industry, the chemical 
industry, parts of engines and their plumbing, etc. 
Demand for increased output for military purposes 
will be accompanied by more exacting technical 
requirements and the need for improved methods of 
inspection. 


|’ IS HARD TO OVERESTIMATE the importance of 


Tubing Made by Three Methods 


There are three principal methods of producing 
tubing, including: 
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1. Forming from a flat strip and welding the seam 
by mechanical pressure, by acetylene or electric 
arc, or by electrical resistance. 

2. Piercing a solid billet, followed by rolling. 

3. Extrusion (of non-ferrous metals). 

Size and wall thickness may be further reduced 
by cold drawing after any of the original methods. 

The product of any of the methods is of course 
subject to mechanical defects or flaws. It is gen- 
erally assumed that seamless tubing is more nearly 
perfect than welded, but this is not necessarily so. 
The assumption has arisen from the fact that any 
method of welding may occasionally produce de- 
fective results. Since there has heretofore been no 
reliable and practical method for 100 per cent inspec- 
tion of welded tubing or pipe, the welded product 
has been regarded with suspicion. The hydrostatic 
method of testing is limited to the detection of 
actual leaks, or welds which are so weak that they 
will break under the applied internal pressure. Un- 
fortunately, welds frequently occur which are only 
partially defective and which do not leak and will 
not break under the test pressure, but which will 
give way either in service under sustained or repeated 
stress or will fail under fabricating and forming 
operations. 

It is interesting to note that if and when the weld 
itself is completely sound, the welded tube when 
made by modern methods is ordinarily superior as 
a mechanical product to the seamless tube. There 
are several reasons for this. Strip can be rolled to 
relatively uniform thickness across its width and 
along its length, resulting in uniformity of wall 
thickness and concentricity in the tube. Mechanical 
defects in the material such as pipe and segregation, 
since they arise in the center of the ingot, are located 
in the middle thickness of the rolled strip and 
therefore are not exposed on either the inner or 
outer wall of the tube. 

Seamless tube, either pierced or extruded, is diff- 
cult to make concentric and may contain on its inner 
surface defects arising from the ingot or the piercing 
operation. Hot rolling may introduce further defects. 
If, therefore, welded tubing can be tested throughout 
its length so as to detect and eliminate imperfections 
in the weld which might prove harmful, it may 
readily become a. superior product to seamless tubing, 
besides being less costly and taking less time to 
produce. 

Seamless tubing has the advantage of some cir- 
cumferential hot working in the process of manu- 
facture. It can be produced in combinations of size 
and wall thickness impracticable by welding. It is 
therefore not likely to be eliminated as an industrial 
product. But the defects in seamless tubing may and 
often do exceed those in well-made welded tubing, 
so that it is equally important to subject seamless 
tubing to the same rigorous non-destructive tests for 
the elimination of mechanical flaws. 
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External defects arising in the ingot or billet, 
such as cracks, laps, blow holes, inclusions, etc., are 
supposed to be removed in the early stages of manu- 
facture of either seamless or welded tubing. But 
inspection for such flaws is ordinarily visual and 
they too frequently miss detection and pass into the 
final product as elongated flaws or seams, where 
they are difficult to discover by ordinary means of 
inspection. The method of non-destructive testing 
described herein is equally applicable to welded and 
seamless tubing, regardless of the method of 
production. 


Non-Destructive Testing 


Burrows, a pioneer in non-destructive testing, 
advanced the theory that for every set of mechanical 
characteristics there is a corresponding set and only 
one set of magnetic characteristics. He proposed 
and initiated a system of testing whereby the meas- 
urement of magnetic characteristics yielded or was 
intended to yield desired information as to the 
mechanical properties of steel parts. This led 
naturally into efforts for the location of flaws or 
discontinuities in the material. 

The principle has resulted in important contribu- 
tions to the art of non-destructive testing and has 
had considerable practical application. It is unfor- 
tunately subject to certain’ serious limitations, since 
it is not applicable to non-magnetic metals, and when 
applied to steel or other magnetic material, harmless 
variations in mechanical properties often create 
larger variations in magnetic indications than are 
caused by serious defects. This latter peculiarity has 
caused untold difficulties in the work of magnetic 
testing for mechanical properties and flaws. The 
method will reveal flaws of considerable size and 
will distinguish between certain variations in the 
heat treatment or composition of steel. 

With the purpose of developing a non-destructive 
test for metallic materials, especially tubing, which 
would detect mechanical flaws with a high degree 
of sensitivity, applicable as well to non-magnetic as 
to magnetic material, and eliminating in so far as 
possible the human element in testing, attention was 
given by the author and his associates to the use of 
electrical instead of magnetic methods. 

The advantages of electric current over magnetic 
flux are pronounced. A mechanical discontinuity such 
aS an Open seam opposes over its area practically 
infinite resistance to the tranverse flow of electric 
current (provided of course that the voltage is not 
sufficient to cause an arc). If the surfaces of the 
seam are in contact, as may occur if imperfectly 
welded surfaces have been squeezed together in 
drawing through a die, then some flow of electric 
current will occur, but such opposed surfaces, even 
if clean, present an electrical resistance much greater 
than an equal path of solid metal. 
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Fig. 1a. Simplified diagram, Alternating current, 

induced circumferentially in tube, is intercepted by 

a longitudinal flaw. Changes in this induced current 

are measurable by means of test coil and electrical 
indicator A. 
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Fig. 1b. Simplified diagram. Two tube lengths, A 
and B, are perfect, the others under test, respectively, 
are surrounded by energizing coils, XX, carrying 
the same alternating current, Test coils, TT, also 
surround the tubes and are in balanced relation when 
no defect is present. The presence of a flaw in the 
tube under test upsets the balance of the test circuit 
and is measurable in the indicating device. 
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Fig. 2. A short or shallow flaw has little effect upon 
the total circumferential resistance of the tube, but 
the current is deflected around it, leaving a small, 


comparatively currentless area in the immediate 
vicinity of the flaw. This causes a large change in 
the reaction of a small conductor placed near the 


tube wall, tangentially to i. 





Fig, 3. Non-destructive electrical tester for produc- 
tion inspection in tube mill with power feed rolls. 





Fig. 4a. Experimental tester of simplified form, 

showing electronic and indicating equipment in 

cabinet, storage batteries for magnetic saturation, test 
coil assembly, and guide rolls. 





Fig. 4b. Closeup of coil assembly and hand-operated 
feed rolls of simplified tester of Fig. 4a. 
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Magnetic flux is not so greatly impeded by passage 
across such opposed surfaces. The reluctance is 
roughly proportional to the length of the air gap. 
The lines of force will travel through the air path 
more or less readily. Some leakage of magnetic 
flux will occur around the obstruction, which phe- 
nomenon is taken advantage of by the method 
developed by deForest, known under the trade name 
of ‘‘magnaflux.’’ This latter method is limited to 
visual observation of the collection of magnetic 
powder upon the surface near the flaw. It does not 
operate instruments nor provide a permanent record 
unless photographed. 

The problem therefore is to cause a flow of elec- 
trical current under controlled conditions, transversely 
to the direction of a possible flaw, and to measure 
the effect of a flaw on such current. This may be 
done in any of several ways. One method is to pass 
the tube through a set of energizing coils carrying 
alternating current, thereby inducing circumferential 
currents in the tube wall. Since the direction of 
flaws (whether from defective welds or other causes ) 
in tubing is nearly always longitudinal, these ‘flaws 
will be interposed across the path of the induced 
current. 

By measuring the reaction of the latter upon test 
coils surrounding the tube, a measure of the effects 
of the flaw upon the induced current can be obtained, 
which in turn indicates the size and location of the 
flaw. These reactions readily may be caused to 
operate electrical indicating and recording instru- 
ments. It is another step to provide means for mark. 
ing the tube at a flaw location, stopping its passage 
through the detector, or actually cutting out the 
flawed section mechanically, automatically. 

Instead of relying upon magnetic variations in 
the tube, with their accompanying uncertainties, for 
the detection of flaws, these, in magnetic materia! 
are actually suppressed by the expedient of substan- 
tially saturating the piece with magnetic flux by 
means of direct current windings or direct current 
superimposed upon the alternating current windings 
This saturation renders the steel substantially non- 
magnetic with respect to the alternating current used 
in testing. This device has resulted in virtually 
eliminating those variables which have given so much 
trouble heretofore in the testing of ferrous material 
by non-destructive methods. 

There is another important point in connection 
with this saturating flux. Magnetic forces tend to 
cause the induced currents in a steel cylinder to 
remain near the surface or outer circumference of 
the body. This is called “skin effect.” But when 
the steel, by saturation, is rendered relatively non- 
magnetic, the skin effect is correspondingly reduced. 
This results in increased sensitivity to the presence 
of deep seated flaws. 

The principle of electrical non-destructive testing 
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may be applied in a variety of ways. Some of these 
will be described. If two metallic tubes, identical 
except that one contains a flaw, are each surrounded 
by a similar electrical winding or test coil, then the 
reaction of the coils upon the alternating current 
flowing in each of them will differ as a result of the 
flaw. (Figs. 1a and b) For example, if an alternat- 
ing current is passed through a conductor surround- 
ing a tube, alternating current will be induced 
circumferentially in the wall of the tube. A sub- 
stantial flaw extending longitudinally will interpose 
resistance to the passage of this induced alternating 
current, which will therefore be less than if the 
flaw were not present, or the phase relation may be 
changed. This difference can be measured externally 
electrically. By the elimination of the disturbing 
effects due to magnetic variations in the material 
by the method already referred to, highly sensitive 
and accurate electrical measurements are possible. 
Minute variations may be amplified and accurately 
recorded by the aid of electronic equipment. It is 
not the purpose of the present article to describe the 
electrical circuits. 


Three Classes of Defects in Tubing 


Defects in tubing may be broadly divided into 
three classes, (1) open seams, (2) seams or longi- 
tudinal flaws extending only partway through the tube 
wall, but of considerable length, (3) short flaws, and 
openings of very short length sometimes referred to 
as “pinholes.” For the sake of clarity it may be men- 
tioned that longitudinal mechanical defects in seam- 
less tubing, for [ack of a better name, are ordinarily 
referred to as “seams.” A long defect extending 
fully or partway through the wall of a tube of 
moderate diameter will have a sufficiently pronounced 
effect upon the circumferential resistance to be readily 
detected by the use of detector coils extending com- 
pletely around the tube. 


The Tangent Coil Method 


The short flaw or pinhole presents a somewhat 
different problem. Here the circumferential current 
is in effect merely deflected around the flaw and the 
effect upon the circumferential resistance of an appre- 
ciable length of the tube is extremely small. A 
different method of detection has therefore been 
developed, known for convenience as the “tangent 
coil” method. This is based upon the principle that 
while the effect of a small flaw upon the total cir- 
cumferential current is small, there is an area closely 
adjacent to the flaw from which the current is almost 
completely deflected by the flaw, so that in this small 
area the change in current is great. (Fig. 2.) By 
placing a conductor of short length in close inductive 
relation to the area immediately adjacent to the flaw, 
a relatively large change in inductive effect can be 
obtained in this small conductor. 
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Fig. 5. (Left) Typical defect in electrical butt-welded 
tube, cut off and expanded at location indicated by 
fester, fo reveal im pe rfect weld. Tube is LI, in 


7 


dia., 12 gage, low carbon steel. Same (right) weld 

broken open, showing short defects some of which 

penetrate only part way through the tube wall 
Enlarged 21/ times. 





Fig. 6. Electrically-welded tube, 21/, in. dia., 0.120 

in. wall. Defect in weld 1 in. long, originally in- 

visible but detected electrically. Expanded with plug 
to make it visible. 





Fig. 7. Typical pinhole defect in a weld, visible on 
inside wall only after expanding tube with plug. 
Tube 21/, in. dia., 0.120 wall. 


Fig. 8. Acetylene 
welded stainless 
steel (18 and 8) 
tube, 21/> in. dia. 
0.049 in. wall, 
outer surface 
ground, making 
the weld and flaws 
invisible. View 
shows inside of 
tube, flattened at 
weld, detected 
flaws marked. Full 
size, 
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A coil or set of coils is therefore provided, shaped 
somewhat like the letter ““D"’, That portion of the 
D coil which is closely adjacent and tangent to the 
tube wall is short, its length being comparable with 
the length of the short flaw to be detected with 
maximum sensitivity. The portions of the D coil 
which extend radially from the tube are in non- 
inductive relation thereto, and are fairly long. The 
connecting or outer segment of the D is far enough 
away from the tube to have relatively little inductive 
effect. This arrangement provides a highly sensitive 
reaction to changes of current in small areas of the 
tube wall. A series of such coils may surround the 
tube so that flaws in any part of the circumference 
are detected. 

It is easier to detect differences in inductive effect 
upon two similar coils than to detect variations in 
one coi] alone. These coils are therefore arranged 
in opposed pairs so that a flaw under one coil will 
not have an effect upon the other. If no flaws are 
under either, the inductive effect of the two coils 
will be in balance and no indication will be pro- 
duced. Presence of a small flaw under one will destroy 
the balance and consequently give an indication. 

It is interesting to note that this method avoids 
certain difficulties which are encountered with cir- 
cumferential coils. For example, changes of tem- 
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Fig. 9. Seamless tube, 11/, in. dia., 16 gage. Tube 

cut (left) and expanded to open typical sliver type 

of external surface defect electrically detected. Same 
(right) enlarged 21/> times. 


Fig. 10. Seamless tube, 11/, in. dia., 16 gage. Tube 

(left) expanded with plug test, defect barely visible. 

Same (right) enlarged 81/, times to show small seam 

on minor wall electrically located. Such a defect 
can start a fatigue failure. 


Fig. 11. Indications obtained on measured artificial 
flaws. Stainless steel (18 and 8) seamless tube, 
23/, in. 0.4., 0.056 in. wall. 


perature in the tube would change its resistance, but 
since the tangent coils are sensitive only to local 
variations, a change in the entire circumferential 
resistance of the tube will affect both coils equally, 
and therefore produce no indication. In tubes of 
large diameter, the relative effect upon the total 
circumferential resistance produced by a flaw is small, 
but since the tangent coils measure differences exist- 
ing in two short circumferential arcs of the tube, the 
total diameter of the tube is unimportant. 

Tangent coils, being adapted for high sensitivity 
to short flaws, are less sensitive to long flaws. Under 
certain conditions a combination of the two coil 
systems, circumferential and tangential, may be 
required, 

Another modification of this electrical principle 
embodies the use of contactors. Circumferential 
current is caused to flow in the tube which is then 
passed longitudinally under two or more circumfer- 
entially spaced contact points. Differences in poten- 
tial between such points are picked up and amplified 
by the detecting equipment. A flaw arising between 
any pair of points will therefore be readily detected. 
This method is subject to some complications due 
to difficulty of maintaining continuous perfect con- 


tact, the wear of contactors, electrothermic effects, 
and the like. 


Commercial Application 


The electrical method of flaw detection, in its 
various modifications, has been undergoing develop- 
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ment for a number of years and has resulted in a 
series of patents by the author and associates. The 
process has been in commercial use at the plant of 
Steel & Tubes, Inc., Cleveland, for 3 or 4 yrs., 
during which time it is estimated that more than 
4,000,000 ft. of tubes have been successfully tested. 
The tester is operated on a 24-hr. schedule. Tubing 
is passed through it at the rate of approximately 50 
ft, per minute. This machine, shown in Fig. 3, 
is capable of picking up flaws 4 in. long, extending 
half way through the wall of a tube of ordinary 
low carbon steel, having a diameter as small as >% 
in., wall thickness of 0.040 in. The machine is 
arranged so that the presence of a defect will stop 
the feed rolls, whereupon the defective tube is re- 
moved, the flaw marked and cut out. 


The same machine with modified set of test coils 
is capable of testing tubes up to 21/4 in. in dia. 
Other testers have been designed for diameters up 
to 4 or 5 in. For the highly sensitive testing of 
large lots of small tube at high speed, a machine 
of considerable size and complexity is necessary. 
Many applications exist where this high sensitivity 
and high productive efficiency are not necessary. For 
such applications machines of much greater sim- 
plicity and Jess cost are adequate. These may require 
merely the energizing, detecting, and saturating coils, 
a pair of rolls for passing the tube through by hand 
and the necessary electronic equipment, together 
with a source of alternating current and a series of 
storage batteries for purposes of magnetic saturation. 
(See Figs. 4a and b.) Depending upon the degree 
of sensitivity and the other determining circumstances, 
the tester may vary widely in construction and design. 


Hydrostatic and Electrical Methods Compared 


A comparison between the hydrostatic method of 
test and the electrical method is interesting. Two 
men are required for the hydrostatic test, but only 
one for the electrical, and the latter is faster. The 
electrical method will record and mechanically reject 
defective material, while the hydrostatic depends on 
personal observation. The hydrostatic test reveals 
only such defects as will show leaks or burst at the 
testing pressure applied. 


Partial welds, or those in which a portion of the 
thickness of the tube wall is defectively welded, will 
frequently withstand a hydrostatic test without rup- 
ture or sign of leakage. Such defects may later open 
in service or fail in forming, bending, or other fab- 
ricating operations. The electrical test will detect 
such partial welds, and will at the same time detect 
those defects (leakers) which are found by the 
hydrostatic method. Adjustments make it possible 
to set a given tester to pass flaws smaller than a 
selected size, so that unnecessary rejection is avoided. 
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Typical Applications 


The apparatus is suitable for testing any type of 
metallic tubing including plain carbon and alloy 
steels, stainless stee] of the non-magnetic or austenitic 
type, brass, copper, aluminum alloy, nickel and its 
alloys, etc. Typical applications include tube for 
aircraft, axles, boilers, condensers, Diesel engines, 
drive shafts, electronic tubes, radiators, refrigerators. 

Certain characteristics of the tester must of course 
be varied according to the composition of the mate- 
ria} and the size and wall thickness of the tube. 
The method is applicable not only to tubing but to 
bar stock and cylindrical forms, being particularly 
sensitive to flaws near the surface. It may be modi- 
fied for other forms of conductors, such for example 
as cylinders, rings, bearing races, etc. The accom- 
panying illustrations of flaws detected by this method 
are of particular interest, selected from a great variety 
of samples. (Figs. 5-10.) 

The application of 100 per cent non-destructive 
testing to tubular materials opens a wide field for the 
application of bcth welded and seamless tubing 
under more rigid engineering requirements. It also 
affords great opportunity for economy through thc 
rejection of defective material in the early stages of 
manufacture, thus eliminating processing costs on 
work which would prove defective in final inspection 
or in service. 

The writer, who received his early college training 
as an electrical engineer before entering the metal- 
lurgical field, is responsible for the more primary 
conceptions of the various processes, and is indebted 
to his former assistant, Mr. Cecil Farrow, now con- 
nected with Steel & Tubes, and his associate, Mr. 
A. R. Sharples, electrical engineer, for solution of 
the highly technical problems involved in some of 
the circuits and the electronic amplifying and con- 
trolling devices. 

The development of the process was initiated and 
carried out on behalf of Steel & Tubes, Division 
of Republic Steel Corp. Most of the early work was 
done at the plant of the Metlab Co. (Metallurgical 
Laboratories, Inc.) of Philadelphia. The construction 
of commercial apparatus and further improvements 
in technique are in the hands of the Sperry Products, 
Inc., of Hoboken, N. Jj., well-known for the Sperry 
rail tester for detecting transverse fissures in railway 
rails, and more recently for the development of 
continuous butt welded rails. 


The writer wishes to express his appreciation to 
Mr. Henry Wick, vice-president of Steel & Tubes, 
for his courage and vision in supporting this project 
through the difficult and often discouraging period 
of technical development. 


A simplified form of the detector will be exhibited 


by the Sperry organization at the National Metal 
Expesition, Oct. 21 to 25, Cleveland. 
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(Editorials continued from page 403) 


chromium by manganese and by molybdenum or other 
carbide formers in the general run of S.A.E. steels, 
mentioned by Taylor, are far better understood today 
than in 1929, and some advances have been made 
in practices for introducing chromium into steel that 
may facilitate the utilization of chromium from low- 
grade ores. 

Considerable advance has been made in under- 
standing of the feasibility of replacement of tin in 
tin plate for cans, in solder and in babbitt. 

The manganese situation remains important in 
spite of expanded Cuban production. Yet the open- 
hearth man can, in a pinch, make much greater use 
of spiegel in place ot ferro, and there is a large 
reserve of Cuyuna and other domestic ores suitable 
for spiegel. At the worst, and given time to erect 
the plants and get the bugs out of the process, elec- 
trolytic manganese, obtained by leaching low grade 
ores, may be in the picture, but that is a long and 
expensive way around, compared with the direct road 
through spiegel. 

Taylor's comment that, after it has been deter- 
mined that a certain substitution can be made, “‘its 
introduction will involve a changed technique whose 
introduction during an emergency may cause loss of 
valuable time,” is still highly pertinent. There are 
generally hidden bugs in new processes, and even 
in what may appear to be straightforward substitu- 
tions, so that, in an emergency, one cannot rely too 
much on plausible paper calculations by starry-eyed 
enthusiasts or axe-grinding patentees for the benefits 
of brand-new schemes, Main reliance has to be 
placed on research previously carried on, and plant 
experience previously gained from the point of view 
of every-day, normal-condition, economic considera- 
tions—with molybdenum high speed steel as a shining 
example. 

To carry through the period where the bugs are 
being chased down and eliminated, what Taylor 
called ‘‘reserve stocks’’ and what we generally speak 
of now as “‘stock piles,’ are essential. Necessity for 
them was clearly recognized by the Army, as Taylor's 
article shows, but it has taken a long time for the 
administration to get to the point of doing anything 
about what has so long been known and so clearly 
pointed out. A more realistic and business-like 
administration can be expected hereafter. 


But nobody sitting in Washington can see all the 
possibilities and limitations in the possible saving in, 
or substitution for, strategic metals. Such savings 
and substitutions come as the sum total of very spe- 
cific investigations and plant trials that have to be 
made by the metallurgical and metal-using industries 
themselves. Every such industry is fully alive to the 
strategic problem, and self interest as well as patri- 
otism leads them to plan intensively for alternatives 
in possible shortages. 
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It is to past effort, to intensified present and con- 
tinued future effort in these lines that we may turn 
with considerable assurance that not only are we in 
much better shape as to strategic metals in 1940 
than in 1929, but that we shall be in still better 
shape in 1941 and thereafter—H. W. G. 


We Receive an Honor 


An honor, which the editors of this magazine 
value very highly, has come to the staff and to the 
Reinhold Publishing Corp. 

In the third annual competition, conducted each 
year by Industrial Marketing, the first prize was 
awarded to METALS AND ALLoys for the best single 
article (or editorial) in technical and professional 
papers for the year ended July 31, 1940—‘The 
Industrial Application of Austempering” by E. E. 
Legge, assistant director of research, American Steel 
& Wire Co., Cleveland, and published in August, 
1939. The presentation of a beautifully engraved 
meta] plaque was made to the editor on Sept. 19 





at the annual convention of the National Industrial 
Advertisers Association in Detroit. 

Those of us intimately associated with this work 
are justly very proud of this honor and recognize 
at the same time the value of the contest in bringing 
to the attention of ‘advertisers and others the standards 
which editors are attempting to maintain—this is a 
spur to even better work. A year ago during the sec- 
ond annual reward, we received an Award of Merit 
for the best typographical improvement. 
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owder Metallurgy 


— Recent Advances and Design Trends 


A REPORT OF THE M. I. T. SUMMER CONFERENCE 


by FRED P, PETERS 


Assistant Editor 


Tapes ALL THE GLITTERING generalities 
about powder metallurgy that have been 
ritten and uttered in the past, practically 
very one of the 110 busy men who at- 
nded the 1940 Summer Conference on 
ywder Metallurgy held at Mass. Inst. of 
‘echnology, August 29th, 30th and 3ist 
ame away with the conviction that powder 
\etallurgy was passing out of its ballyhoo 
tage, that its literature will henceforth be 
ore fact than fancy and, particularly, that 
oversold or not—it is eventually to oc- 
ipy a highly important place among the 
ietallurgical engineering unit operations. 

Most ably organized and directed by Pro- 
essor John Wulff of M. I. T.’s department 

metallurgy, the conference was notable 
nN presenting among its 21 papers several 

iat actually revealed specific and useful 
tacts about processing or design not previ- 

sly available. And also, because the 
ster of those participating and attending 
ncluded practically all the dominant fac- 
tors in the manufacture and application of 
owdered metals in this country, there was 

far greater off-the-record exchange of 
valuable information on the subject than 
had ever occurred in one place before. 

As P. E. Weincart of U. S. Metals Re- 
fining Co. said in handing over his gavel 
as chairman of the final session, “The lid 
is off! For the first time we've all gotten 
together, looked at our problems and ac- 
complishments realistically and have seen 
the truly great potentialities in powder met- 
allurgy, given intelligent handling all 
around,” 

An interpretation of the whole confer- 
ence would simply be that these potentiali- 
ties lie chiefly in the use of powder metal- 
lurgy practice as a fabricating process for 
many products at present made exclusively 
by casting-and-machining, by die casting, by 
casting-on, etc. This trend was reported by 
H. E. Hatt of Metals Disintegrating Co. in 
his paper “Developments in Metal Pow- 
ders and Products” and by E. S. Patcu of 
Moraine Products Div., General Motors 
Corp., in his talk on “Industrial Limitations 
of Powder Metallurgy.” Specific evidence 
of this “replacement” development was em- 
bodied in the paper by F. V. LENE of 
Moraine on “Oil Pump Gears—an Example 
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of Iron Powder Metallurgy,’ which gave a 
wealth of design and operating data on the 
production from powdered metals of an 
important product formerly made by cast- 
ing-and-machining, and also in the papers 
by A. L. BorGEHoLp of General Motors 
Corp. Research Laboratories Div. on ‘‘Cop- 
per-Nickel-Lead Bearings” and by G. M. 
Howe of General Electric Co. on ‘““Develop- 
ment of Sintered Alnico.”’ 

Many specific data were also presented 
in several other excellent papers on vari- 
ous modern products of powder metallurgy, 
on methods and equipment, and on raw 
material powders—so many, in fact, that we 
can merely cite the high spots here and rec- 
ommend study of the original papers when 
they are finally published. 


The Present Field 


In his paper, HALL presented an excel- 
lent general review of the whole field of 
powder metallurgy. Today this field is 
small on the basis of pounds or tons of 
metal powder used, but it is important out 
of all proportion to its physical volume. A 
relay contact made of a gram or two of 
powdered metal may be vital in the safe 
operation of an airport; the two tiny dis- 
tributor points of today’s car can be the 
difference between a smooth-purring mech- 
anism or a cussable mass of inertia. 

The powder-process often reveals an un- 
suspected versatility. Thus, in forming cur- 
rent-collector brushes, the use of flake cop- 
per powders gives a laminated structure, 
and if the molding pressure is applied at 
right angles to the direction of ultimate 
current flow, the electrical resistance of the 
brush will be lower in the current-flow di- 
rection. Molded combinations of metals and 
non-metals are becoming increasingly popu- 
lar. Competing with non-metals, porous 
metallic filters are now being produced from 
metal powders to take the place of ceramic 
filters for handling caustic solutions and 
other chemicals. 

Among the newer products of powder 
metallurgy are contacts of tungsten carbide 
bonded with 3 per cent osmium. The Car- 
boloy Co. have recently marketed cemented 
carbide parts produced by extruding (in- 





Fig. 1. Sintered oil pump gear made 


from iron powder—described by F. V 
Lenel. 


stead of pressing) powders through dies 
and at pressures high enough to compact 
them. Metal powders may be applied (with 
a paint-type spray gun) to the surface of 
non-conducting materials to form the ca- 
thode for subsequent electroplating. 

HALL discussed in some measure most of 
the products described in detail by other 
speakers, as did A. W. DELLER in his 
“Patent Survey of Powder Metallurgy.” 
Thus, tungsten, out of whose necessity were 
mothered the inventions that led to the 
general commercial development of powder 
metallurgy, was usefully discussed along 
with tantalum, molybdenum, etc. by H. W. 
HIGHRITER of Fansteel Metallurgical Co. in 
a paper on “Refractory Metals.” The ce- 
mented tungsten carbides were discussed in 
“Tool Compositions of Cemented Hard 
Carbide” by P. M. MCKENNA of McKenna 
Metals Co., with special emphasis on a 
new tungsten-titanium carbide (Kenna- 
metal), said to be particularly useful for 
machining steel. 

Among the other products that cannot be 
made by melting are the tungsten-copper 
and allied electrical contacts. These were 
reviewed by F. R. HENZEL of P. R. Mal- 
lory Co. in ‘Physical Properties of Metal 
Compositions with a Refractory Metal 
Base.” A new age-hardening material of 
this type was described (composition could 
not be divulged) as having excellent con- 
tact characteristics and a tensile strength of 
175,000 lbs. per sq. in., 110 Rockwell B 
hardness, 30 per cent I. A. C. S. electrical 
conductivity, and specific gravity of 14.5. 

Much interesting information on the in- 
creasingly familiar self-lubricating porous 
bronze bearing was presented by R. P. 
KOEHRING of Moraine in his “Sintering 
Methods and Atmospheres for Production 
Purposes’ (reviewed in later paragraphs). 
One of the highlights of the whole meeting 
concerned such bearings and was presented 
by HALL as a supplement to his paper—a 
Kodachrome motion picture showing the 
micro-structural changes that occur during 
the sintering of a copper-tin-graphite mix- 
ture. [This was a much-extended “movie” 
version of the colored micros of this same 
subject published by Mr. Hall in the Octo- 
ber 1939 issue of this magazine. } 
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Powdered Metals in Main Bearings 


A particularly striking example of the 
solution of an engineering and design 
problem by powder metallurgy after conven- 
tional practice and products had been less 
than satisfactory is the new General Motors 
Durex bearing for engine main bearing and 
connecting-rod bearing service. Described 
by A. L. BogGEHoLD of General Motors 
Research Laboratories in ‘Copper-Nickel- 
Lead Bearings,” the new product consists 
of a steel backing on the surface of which 
is sintered a 45 nickel, 55 copper powder 
sponge whose pores serve as an anchor for 
a lead-base bearing alloy (3 per cent tin 
and 3 antimony). The bearings can be fin- 


ished to leave a 0.001 to 0.002 in. layer of 
lead alloy over the top of the copper-nickel 
sponge or—for heavier duty engines—the 
bearings may be finished by diamond bor- 
ing, so that the copper-nickel sponge is ex- 
posed for load-carrying purposes at the bear- 
ing surface. The structure of such a bear- 
ing is shown in Fig. 2. 

Generally speaking, this Durex bearing 
meets all the requirements of a good engine 


Fig. 2. Structure of Durex bearing sur- 

face. Matrix-babbitt interface mate- 

rial appears as a continuous band sur- 

rounding the copper-nickel matrix. Etched 

with ammonia persulphate plus ammonia; 
500 X. 





| 
| per square inch. 








A Substitute for TIN | 


...1n production 
of special bronzes | 


Metal of the Future 


¢ Abundant in this country © Light, specific 
gravity only 4.5 ¢ Melting point higher than 
that of platinum, 1800° C. * Quite resistant to 
corrosion *® Non-magnetic ¢ Electrical resis- 
| tance one hundred times higher than that of | 
copper ® Alloys with most of the metals * Can | 
be used for hard-surfacing copper and bronzes | 
¢ When 2.8% is added to copper it gives a | 
bronze with tensile strength of 100,000 pounds | 


This metal is Titanium 
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bearing—strength and fatigue resistance at 
operating temperatures, ability to form a 
strong bond to the steel back, enough con- 
formability to permit flow at points of in- 
sufficient clearance, frictional characteristics 
to permit high shaft speeds and loads with- 
out galling or seizing, and resistance to cor- 
rosive attack by constituents or oxidation 
products of oils—something that neither tin 
base babbitt, lead-base babbitt, cadmium al 
loy or copper-lead was able to do. 

The method and equipment for mixing 
and applying the powders, compressing th: 
matrix by passing the coated strip throug! 
chromium-plated embossing rolls at a pres 
sure of 10,000 lbs. per sq. in. and fo 
applying and anchoring the lead alloy b 
passing the sponge-coated steel _ stri; 
through a “vacuum tunnel’ in which th 
lead alloy is sucked into the sponge we: 
described in an article by R. P. KoEHRIN 
in the August 1940 issue of Metal Pro; 
ress, page 173. 


Oil Pump Gears 


A direct comparison between the qualit 
and cost of an automobile part—an o 
pump gear—made by pressing and sinte: 
ing on one hand, and casting and machin 
ing on the other, was provided by F. \ 
LENEL of Moraine in his paper “Oil Pump 
Gears, an Example of Iron Powder Meta! 
lurgy.” During the 1940 car year the en- 
tire needs of one large automobile manufac 
turer for oil pump gears were made from 
molded iron powder. A sintered gear of this 
type is shown in Fig. 1. 

The raw material so far used has been 
so-called Swedish sponge iron although [as 
pointed out in the article by A. T. Fettows 
in last month’s issue} this raw material may 
soon have to be replaced. To be suitable 
for this purpose, an iron powder must be 
low in oxides and silica, because the latter 
rapidly wears the briquetting tools. Car- 
Kon content should be low enough to leave 
the powder soft. Physically, the powder 
particles should be relatively yielding so 
that they stick together when briquetted. 
The powders should be low in fines and 
have an apparent density higher than 2 
gms. per cc. 

In making the gears, the iron powder 
is mixed with graphite powder, which not 
only supplies the necessary carbon for al- 
loying but acts as a lubricant in molding. 
Briquetting is done in automatic machines 
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me A MERICAN FRONTIERS re- 
fain... but they are no longer 
goonraihic. Paths by which 
industry will win and open them are being 
marked in the laboratories of engineers. 

In Powder Metallurgy . . . today’s pioneers 
are finding ways of making numerous things 
which cannot be produced by any other means 
—or of producing things better, or more eco- 
nomically, than by other methods at hand. 

In this science and this industry of such 
recent development, it is notable that one 
company has been a producer of metal powders 
for a quarter-century. But it is more important 
that Metals Disintegrating Company has blazed 
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trails in every direction of metal powder appli- 
cation—has developed and produces an exten- 
sive line of powders to meet every practical 
requirement of industry. 

An outstanding technical staff in control of 
production, and available for consultation; a 
sales staff technically trained to comprehend 
the needs of metal powder users; and extensive 
factories and equipment for producing any 
metal powder—these facilities of Metals Dis- 
integrating Company are yours to command. 

We will be happy to see you in Cleveland. 


VISIT OUR EXHIBIT at the National 
Metals Exposition, Cleveland. Booth Y-30 
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at a pressure (40,000-60,000 Ibs. per sq. 
in.) that represents a compromise between 
wear of the tool and strength of the piece, 
both of which increase with rising pres- 
sures. Die parts—die barrel, upper punch, 
stripping punch and pilot—are made of 
hardened tool steel, the die barrel wearing 
the fastest. A smooth surface finish on the 
die barrel not only improves its life but is 
essential to the surface finish of the gears. 

The briquetted gears are sintered in a 
continuous electric furnace—a modified 
brazing furnace with a partially-burnt natu- 
ral gas atmosphere. Sintering temperatures 
are as high as heating elements permit, 
since time should be kept short for reasons 
of economy as well as to reduce and control 


the amount of shrinkage. Shrinkage in iron 
parts is held to less than 1 per cent. On 
the other hand, increase in sintering time 
and temperature aid diffusion of the carbon 
and improve the mechanical properties. 
Again a compromise, sintering time is 
therefore 20-40 min. at about 2000° F. 

The sintered gears as they emerge from 
the cooling zone are impregnated with oil 
and are almost ready for use. Tooth surfaces 
are not touched again after sintering; the 
four finishing operations actually employed 
are burnish-broaching the inside diameter, 
grinding the outside diameter, machining 
the erit-length and chamfering the teeth, 
only a few thousandths of an inch being 
removed in each case. 
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Fig. 3. Microstructure of a sintered iron 
gear of approximately eutectoid compo- 
sition. 2000 X. 


Molded Gears vs. Cast 


Compare the foregoing machining opera 
tions with those mecessary on a conve 
tional cast iron gear: Sixty-four per cent of 
the material in the cast iron blank must b 
hobbed out in making this gear by castin 
and-machining. 

This saving in raw materials is but one 
the cost or quality factors that contribute 
the superiority of the molded gear. For 
ample, accuracy of tooth shape is vital 
pumping efficiency; the sintered gear f 
lows the involute curve exactly whereas 
cast-and-hobbed gear shows some deviati: 


Again, the quietness of operation of 
gear is a function of its surface fini 
Tests with a Brush surface analyzer sho. 
the surface of a machined cast iron gear ‘0 
be much less smooth than that of a 
tered gear. A further aid to noiselessn. ss 
provided by the sintered iron gear is the 01! 
cushion formed by the oil-filled pores at its 
surface. Incidentally, the porosity of a 
sintered gear causes its weight to be 
per cent less than if it had been cast anc 
machined to the same dimensions. 


The mechanical properties of the sintered 
gear are similar to those of ordinary cast 
iron. Generally speaking, these are adequate 
since the gears are not heavily loaded and 
the service is not at all severe—the most 
important physical considerations are those 
of shape-accuracy and surface qualities. If 
the mechanical properties needed to be im- 
proved, heat treatment (hardening) could 
be employed since the structure of the prop- 
erly-sintered gear (Fig. 3) is that of an 
annealed steel, plus the pores (or minus 
them, as you please). The black spots in 
the micro are pores left by the graphite 
when it dissolved and diffused in the iron 
to form all the carbide that appears in this 
pearlitic structure. 


The manufacture of this oil pump geat 
by powder metallurgy has resulted in 4 
better gear at a lower cost than by conven- 
tional practice and the methods and materi- 
als used have been applied on a mass-pro- 
duction scale. Obviously for this job and 
certainly for many others powder compacts 
can thus take their place as a metal-form 
competitive with iron castings, die castings 
or screw-machine products. 
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powerful effect of rate of heating on the 
growth of porous bronze briquettes during 
sintering. 


Methods and Equipment 


Although powder metallurgy has a de- 
gn advantage over casting in the exact 

e to which parts can be formed without 

ichining, it is also true that dimensional 

inges of considerable proportions occur 
ring sintering. The applicability of the 
wder process thus depends heavily on 

ntrol of this shrinkage or growth. R. P. 

OEHRING of Moraine in his paper “Sin- 

ring Methods and Atmospheres for Pro- 

ction Purposes’’ discussed the factors af- 
ting dimensional change and described 
duction equipment now used for sinter- 

g porous bronze bearings and iron gears. 

The dimensional change that a part 

idergoes during sintering varies with the 

te at which it is heated. Usually if a 

iquette of copper, tin and graphite is 

ited rapidly it will either grow more or 
rink less than if heated slowly. A major 
irce of growth may be in the expansion 
f gases on heating—the gases being air in 
pores, adsorbed films on the porous sur- 

e, gaseous products of reduced oxide 
films on the powder particles, etc. If heat- 
ing rate can be controlled, the rate of gas 
evolution and thus the growth of powder 
briquettes can be controlled during sinter- 
ing. 

In other words, after all the pre-sintering 
variables—powder grades, size distribution, 
mixture compositions, briquetting pressures, 
etc-—are controlled, a certain amount of 
control in the sintering operation itself is 
still imperative. Continuous “zoned"’ fur- 
naces are thus highly desirable, for with 
them the all-important “thermal head” or 
rate of heating can be adjusted and con- 
trolled accurately. The effect of thermal 
head, as represented by the temperature of 
the first zone in such a furnace, on the 
growth of porous bronze briquettes is shown 
in Fig. 4, 

_ One suitable furnace described is divided 
into 3 zones of temperature control, and 
the first zone, at the charge end, is further 
separated from the rest of the furnace by a 
dividing wall. A large part of the heating 
capacity of the furnace is placed in this 
zone so that the work will come up to tem- 
perature quickly and at a controlled rate. 
The dividing wall aids in maintaining a 
large temperature difference between the 
zones when desired. If heavy parts are be- 
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ing sintered, for example, the temperature 
of the first zone is increased. 

Much descriptive material about “‘Sinter- 
ing Furnaces and Atmospheres” was also 
presented by General Electric’s H. M. WEB- 
BER, who stressed the adaptability of mod- 
ern electric brazing furnaces to powder met- 
allurgy work. 

KOEHRING (see Fig. 5) showed that be- 
havior during sintering was affected by bri- 
quetting conditions and LENEL and HALL 
mentioned the limitations imposed on 
powder practice as a fabricating operation 
by factors associated with pressing-—particu- 
larly the need for larger automatic presses 
to overcome size limitations, and for auto- 
matic presses that press in more than one 





direction to overcome shape limitations. 

Modern presses and their auxiliaries 
were described by L. H. Baitey of Stokes 
Machine Co. in a paper “Dies and Presses 
in Powder Metallurgy.” Many of the prob- 
lems of pressing stem directly from friction 
within the powder mass and from sticking 
of the powder on the sides of the chamber 
or on the punch faces. To overcome this, 
1-2 per cent of graphite or stearic acid is 
customarily incorporated in the mix. This 
admixture need be only 4 per cent if the 
lubricant be one of the newer hydrogenated 
vegetable oils. (One such, “Sterotex,’’ man- 
ufactured by Capital City Products Co., 
Columbus, O., was mentioned). 


(Continued on page 476) 








@ MOTOR BRUSHES 


@ POROUS BEARINGS 


@ CONTACT POINTS @ ALNICO MAGNETS 


@ IRON GEARS 


@ IRON RADIO CORES 


All These 
Typical Products of Powder Metallurgy 


Made on STOKES PRESSES 





Cam operated press, 30-tons 


pressure, core-rod type, for 
making straight and flanged 
bushings, etc. Output, up to 
35 per min. 


Powder metallurgy provides a method of manufac- 
ture that is both highly economical and widely 
adaptable. Many products such as those shown are 
now being produced by this method on Stokes 
Presses . . . and no end to possibilities is in sight. 
We pioneered in this field, have been closely identi- 
fied with its development. Our experience of more 
than 40 years as specialists in the manufacture of 
Automatic Presses for forming chemicals, explosives, 
pharmaceuticals, etc., enabled us to develop similar 
equipment of special design, particularly adapted to 
the services of powder metallurgy . . . practical, 
productive, automatic equipment that is in success- 
ful use in many plants. 


If you need such equipment, or if you have a 
problem in powder metallurgy in which our experi- 
ence and knowledge or our experimental laboratory 
facilities may be helpful . . . we invite inquiries. 


F.J. STOKES MACHINE CO. 


5972 Tabor Rd., Olney P. O. Phila., Pa. 
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Fig. 5. Schematic diagram showing tl 
effect of briquetting pressure on the 
bhysical properties of green and sintered 
copper-tin-graphite mixtures for bea» 
ings. Other curves in Koehring’s paper 
demonstrated that time of sintering had 
no significant effect on properties and 
dimensional change but that increasing 
sintering temperature was characterized 
by @ sudden change of slope for severa 
of the curves at about 1500 deg. I} 
indicating the beginning of format 
of a liquid constituent. 


Other Processing Data 


The advantages and potentialities in vot 
pressing (simultaneous pressing and sir 
ing) non-porous products whose mechan. al 
properties are required to be high, anc in 
plastic working of powder compacts g« r- 
ally were reviewed by C. G. GogtTz: f 
American Electro Metal Corp. A ma f 
Original data and much already-pub! 


work were offered as evidence that n e 
improvement in strength and ductility -an 


be achieved by plastic deformation durir— or 
after sintering. 

Other papers that contained a weali.. of 
useful processing data in graphic forn re 


“Powdered Copper-Tin Sintering Stuc es” 
by J. E. Drapeau, Jr. of Metals Refining 
Co., and ‘Sintering Characteristics of \ ari- 
ous Copper Powders” by the same author. 
All copper powder grades studied shrunk 
when compacts made of them were sintered 
for less than 1 hr. at any temperature be- 
tween 1100 and 1700 deg. F. L. W. 
Kempr of Aluminum Co. of America re- 
ported in ‘Properties of Compressed and 
Heated Aluminum Alloy Powder Mixtures” 
that compacts made from aluminum, mag- 
nesium and zinc powders showed excellent 
strength after sintering and could have 
their properties further improved by subse- 
quent aging. 

Some of the problems attendant on the 
classification of raw material powders were 
discussed in papers by D. O. Noet of Met- 
als Disintegrating Co. on “Powder Produc- 
tion and Classification’’ and by J. Kurtz & 
M. F. Rocers of Callite Tungsten Corp. on 
“Classification and Determination of Tung- 
sten and Tungsten Carbide Powders for 
Production Control.’’ One interesting point 
was brought out in discussion of the latter 
—that tungsten particles ball-milled to Ye 
their original size are not significantly dif- 
ferent from the same un-milled powders, 
but particles that were originally reduced 
(chemically) to the small size do behave 
quite differently. 


(Continued on page 478) 
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WiLL SAVE You MONEY! 


| © Powder metallurgy is often the 

| only answer to tough production 
problems involving expensive or 
non-castable materials, close tol- 
erances, excessive machining, etc. 
—and POWDER METALLURGY 
INC. is the one contract manu- 
facturer to solve them. 


|  @ POWDER METALLURGY INC. 
POWDERS | has complete engineering and 
production facilities for manufac- 
turing — to your specifications — 
parts and compacts of pure 


: aes - | metals, alloys and metal/non- 
1 metal combinations. 














Non-Ferrous Alloys 


TANTALUM COLUMBIUM 
TUNGSTEN MOLYBDENUM | 
And Their Carbides 


High purity alloys and master alloys of 
tantalum, tungsten, columbium and molyb- 
denum with nickel, cobalt, chromium and | 
other base metals, scientifically produced 
by powder metallurgy or electric furnace 
fusion. 
Fansteel has complete equipment and 
trained personne! for all powder metallurgy 
processes, centrifugal and still casting, 
rolling, swaging, wire drawing. 

Write your problem in complete detail. 
All consultations confidential. 








POWDER METALLURGY INC. also 


| manufactures ‘‘Corrotard”’ inhibitors 
against electrolytic corrosion of non- 
METALLURGICAL CORPORATION ferrous metals. 
NORTH CHICAGO ILLINOIS 


| POWDER METALLURGY tx. 


THE WORLD’S PREMIER POWDER METALLURGISTS | | 42-41 Crescent St., 
& LONG ISLAND CITY, N. Y. 
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Fig. 6. A combustion type atmosphere generator employed 
in the production of controlled atmospheres for sintering 
furnaces. Koehring explained that copper and its alloys 
can be sintered in any “reducing’’ atmosphere produced 
by this generator, provided only that free oxygen be absent. 
“Richer” reducing atmospheres, low in water vapor, are 
required for iron-carbon alloys—at about 2000 deg. F. an 
atmosphere containing 10% CO and 5% COz is satisfactory. 


The Future 


This review has consciously emphasized the engineering 
design phase of the subject—the competitive nature of 
powder compacts as a metal form. This is simply a reflec 
tion of authoritative opinion. In the epilogue to his pape: 
HALL said the outstanding trend in powder metallurgy ‘) 
its use in displacing established, conventional methods 
manufacture of parts.” 


The product and process-design factors to be met are tr: 
mendous, particularly the development of bigger, mor 
powerful presses for making more complicated parts, an: 
the accumulation of data on shrinkage, growth and stru 
ture that will permit designers to design on something oth 
than cut-and-try procedures. 


Therein, declared E. S. PAtcH of Moraine in the fin 
paper, “Industrial Limitations of Powder Metallurgy,” |: 
the wisest course of action for those vitally concerned wi 
powder metallurgy. Improve the quality of compacts, y« 
but even more important, eliminate the secrecy that has ham- 
pered the exchange of processing data among powder meta! 
lurgy’s engineers. Powder metallurgy as a fabricating pro 
cess is growing by leaps and bounds, but the speed with 
which it approaches the mature status of the more familiar 
production methods will depend on how much information 
engineers have that will permit them to “design for powder 
metallurgy” as well as for other fabricating processes. 





Editor’s Note—During the last three years METALS AND 
Attoys has published a long string of articles on powder 
metallurgy. Because readers of this review may be inter 
ested in studying some of these previous publications, we 
are listing below their titles and the issues in which they 
appeared: 


“Copper-Lead Bearings from Metal Powder,” by E. 
Fetz—Sept. 1937, p. 257. 


“The Hydride Process,” by P. P. Alexander—Sept. 
1937, p. 263; Feb. 1938, p. 45; July 1938, p. 179; Oct. 
1938, p. 270. , 


“Symposium on Powder Metallurgy,” by F. P. Peters— 
Mar. 1938, p. 69. . 


“Possibilities of High Pressures in Powder Metallurgy,” 
by W. D. Jones—May 1938, p. 125. 


“Sintering of Copper and Tin Powders,” by H. E. Hall 
—Oct. 1939, p. 297. 

“Powder Metallurgy,” by F. P. Peters—Oct. 1939, 
p. A 76. 


“Powder Metallurgy of Copper,” by C. G. Goetzel— 
July 1940, p. 30; Aug. p. 154. 


“The Iron Powder Situation,” by A. T. Fellows— 
Sept. 1940, p. 288. 
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THE BOTTLENECKS WE WATCH 


Chere seems to be no doubt that Ameri- 

industry — amortization uncertainties 
withstanding—is going ahead rapidly 
h its plans for more and bigger plants, 
| with new applications of productivity- 
proving processes, equipment and tools. 
ch evidence of this preparedness-inspired 
ivity has accumulated in the last few 


eks and the highlights are presented here- 


it Expansions 


host of metal-manufacturing and 
il-consuming plants have planned or 

in additions to their plant or equip- 
According to the American Society 

001 Engineers, 53 per cent of all metal- 
king plants have plans to increase their 
productive capacity during the last half of 
Probably the first aircraft manufac- 
er to break ground in the national de- 
expansion program was Glenn L. 
rtin Co., Baltimore, Md., which last 
nth launched the first of a series of fac- 
tory additions expected to bring its total 
floor space to around 3,000,000 sq. ft. and 
will entail the installation of nearly 1 mil- 
lion dollars worth of new machinery and 
equipment, most of it for working metals. 

The expansion program of a large steel 
foundry, The Bettendorf Co., Bettendorf, 
lowa, will cost $500,000 and when complete 
will provide an ultra-modern layout keyed 
to mass production methods. New furnaces 
will be built, conveyor systems installed, 
chemical and metallurgical laboratories 
erected, etc. Also we have recently learned 
that the electric furnace steelmaking capac- 
ity of Republic Steel Corp. is to be in- 
creased by the installation of two 50-ton 
electric furnaces at its Canton, Ohio, works, 
with, of course, the associated processing 
and finishing equipment. 

In the non-ferrous field, Revere Copper & 
Brass, Inc., New York, announces that 
since the outbreak of the European war last 
year it has appropriated over $1,500,000 for 
improvements and additions to its plants 
and equipment. A large manufacturer of 
plating equipment and supplies, Hanson- 
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Van Winkle-Munning Co., Matawan, N. J., 
has started construction on a 66 ft. x 39 ft. 
addition to its plant. Both the Haynes Stel- 
lite Co., Kokomo, Ind., cutting and wear- 
resistant alloy producers, and C. I. Hayes 
Co., furnace manufacturers of Providence, 
R. I., announce new additions to their man- 
ufacturing plants and facilities. And Math- 
ieson Alkali Works has well under way 
the erection of the first of 5 all arc-welded 
steel buildings at Niagara Falls, according 
to Hobart Brothers Co., makers of arc weld- 
ing equipment. 


Faster Processing 


Production can be increased, too, without 
building new plants. Figures just released 
by the James F. Lincoln Arc Welding 
Foundation, Cleveland, show that military, 
naval and aircraft equipment and the ma- 
chines for making them could be produced 
in 30% less time than required with con- 
ventional methods if arc welding were fully 
utilized. Some specific products that have 
been commercially arc-welded and the sav- 
ings that are said to have resulted are in- 
dicated in the Table. 

In our Aug. and Sept. “News” columns 
we stressed the special utility of carbide 
cutting tools in increasing the productive 
capacity of machine tools. According to 
Carboloy Co., Detroit, however, many engi- 
neers do not yet fully realize that there is 
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Applications 
Designs 
People 
Plants 
Societies 


no reason why older types of machines in 
good condition cannot be readily adapted to 
carbide tooling. Particularly for machining 
steels, the fundamental consideration is that 
the machine be able to run fast enough 
and smoothly at the faster speed. 

An “average” cutting speed for such 
work is about 200 ft. per min. Obviously, 
it takes more power to run at these higher 
speeds, but if the machine can handle the 
horsepower at the higher speed and can be 
tightened enough to eliminate back-lash and 
chatter, no trouble should be encountered 
with cemented carbide tooling. 

Incidentally, the Carboloy Co. also an- 
nounced its sixth price reduction on ce- 
mented carbides since 1929, together with 
the beginning of mass production on a 
standardized line of Carboloy cutting tools 
—5 styles in 3 grades—that permit pricing 
complete tools at figures down to 40% of 
the price for comparable tools in the past. 
According to the announcement the new 
standardized tools will be carried in stock, 
ready for shipment, completely ground and 
ready for use—including even the grinding- 
in of chip-breakers on tools to be used for 
machining steels. 

The possible effects of this on engineer- 
ing buying habits in connection with such 
tools may be quite drastic. For example, the 
prices of complete tools may be so low as 
to decrease the amount of brazing and 
grinding now done by shops who purchase 
only carbide tips and make their own com- 
plete tools. 





Item 








9-ft. Anti-Aircraft Combat Car 





Savings 





Elimination of extra parts and manufacturing oper- 
ations 





10,000-ton Cruiser 


Saving of 17% in weight, 3% in cost 





Submarine Mine Layer 


Construction time reduced 25%; 15% savings in 
weight 





Airplane Landing Gear Forks 


50% saving in production time; saving of $40 per 
airplane 





Beaching Gear for Large Aircraft 





Cost saving of 31.7%; 20% vers saving; produc- 
tion time saving of 20% to 25% 





Rotary Planing Machine 








89% saving in production time; cost saving of dp- 
proximately 70% 








481 























Box-Type Tempering Furnaces 


Lindberg Engineering Co., Chicago, an- 
nounce the availability of “Cyclone” electric 
box-type furnaces for production temper- 
ing, age-hardening and general low-temper- 
ature (up to 1250 deg. F.) heating and 
preheating operations. 

These furnaces utilize the well-known 
Cyclone forced-convection heating principle, 
which provides rapid and exactly uniform 





heating, it is said. The units are built to 
accommodate heavy production loads such 
as large gears, forgings, and aluminum al- 
loy parts, as well as ferrous aircraft parts 
A heavy cast grid, on which the work can 
be loaded, is supplied, and the furnace is 
lined with light-weight refractory insula- 
tion. 

Heating elements, of high-grade nickel- 
chromium wire, are easily removed. Stand- 
ard temperature ranges are 200-850 deg. F. 
and 200-1250 deg. F. Work-chamber sizes 
available are from 24 in. wide x 36 in. 
deep x 18 in. high up to 48 in. wide x 60 
in. deep x 30 in. high. 


@ A new process for welding galvanized 
steel that involves re-galvanizing at the 
time of welding is the subject of patents 
just granted Artkraft Sign Co., Lima, Ohio. 
Known as ‘‘Galv-Weld,” the new process 
can handle sheets of any size and gives a 
more rust-proof joint than the original gal- 
vanized surface, it is claimed. 


New Furnace Pressure Controller 


Flexibility of installation, convenience of 
operation and ease of adjustment are the 
features claimed for a completely redesigned 
industrial furnace pressure controller just 
announced by Leeds & Northrup Co., 4934 
Stenton Ave., Philadelphia. 

Although designed primarily for flush- 
mounting, the instrument can be supplied 
for surface-mounting. A selector switch and 
push button station, enabling the operator 
to take over manual control at a moment's 
notice, are built into the controller door. 
Through the window (in the illustration) 
just below the handy control setting knob 
can be seen the stationary pointer and the 
movable dial. 

The new controller combines with a 
motor-driven interrupter, a relay, signal 
lights and a motor drive system to form a 
complete L & N system. 
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Meetings and Expositions 


AMERICAN CERAMIC SOCIETY, Por- 
celain Enamel Institute Forum, 
Urbana, IIl., Oct. 16-18. 

AMERICAN GEAR MANUFACTURERS’ 
ASSOCIATION, semi-annual meet- 
ing. Skytop, Pa., Oct. 14-16. 

AMERICAN INSTITUTE OF MINING «& 
METALLURGICAL ENGINEERS, fall 
meeting. Cleveland, Ohio, Oct. 
21-23. 

AMERICAN PETROLEUM INSTITUTE, 
annual meeting. Chicago, IIL, 
Nov. 11-15. 

AMERICAN SOCIETY FOR METALS, 
annual meeting. Cleveland, Ohio, 
Oct. 21-25. 

AMERICAN SOCIETY OF TOOL ENGI- 
NEERS, semi-annual meeting. Cin- 
cinnati, Ohio, Oct. 17-19. 

AMERICAN WELDING SOCIETY, an- 
nual meeting. Cleveland, Ohio, 
Oct. 20-25. 

AMERICAN ZINC INSTITUTE, fall 
meeting of the Galvanizers com- 
mittee. Baltimore, Md., Nov. 
14-15. 

FOUNDRY EQUIPMENT MANUFAC- 
TURERS ASSOCIATION, annual 
meeting. Hot Springs, Va., Oct. 
25-26. 

MEEHANITE RESEARCH INSTITUTE 
of America, Inc., annual meeting. 
Milwaukee, Wis., Oct. 30-31, 
Nov. 1. 

NATIONAL METAL CONGRESS AND 
EXPOSITION, Public Auditorium. 
Cleveland, Oct. 21-25. 

SocIETY OF AUTOMOTIVE’ ENGI- 
NEERS, national aircraft produc- 
tion meeting. Los Angeles, Cal., 
Oct. 31, Nov. 1-2. 

WRE ASSOCIATION, annual meeting, 
Cleveland, Ohio, Oct. 21-24. 











New Sand Testing Equipment 


An improved “Moisture Teller’ for de- 
termining the moisture content of foundry 
sands and other granular, powdered or fib- 
rous materials is announced by Harry W. 
Dietert Co., Detroit. In the improved unit 
is a motor-driven fan, which faces electric- 
ally-heated air through the sample being 
tested, a timer being used to stop the drying 
process after any desired period. Granular 
and fibrous materials require 1 to 3 min. 
while powdered materials and cereals take 
5 min, 

The same company has also just intro- 
duced a new molding sand sampler that is 
said to be inexpensive, sturdy and most 
convenient. This new tool—its handle is 
so long that samples can be taken 24 in. 
from the outer surface of the sand heap— 
simplifies the taking of samples from the 
interior of sand piles or bins. In use it is 
inserted in the sand, which pushes through 
the tapered sand container as the sampler is 
moved toward the interior, insuring a rep- 
resentative sample. When the operator pulls 
the sampler from the sand, the tapered con- 
tainer grips the sand, and removes 700 
grams with each sampling. 


Rubber Molds for Casting Metals 


An interesting new process for casting 
white metal for novelty and jewelry prod- 
ucts that comprises the use of rubber molds, 
and which reduces mold cost thereby to 
1/10 the cost of previously-used bronze 
molds, is announced by Alrose Chemical 
Co., Providence, R. I. 





The molds, of newly-developed rubbe: 
compounds, are made by placing the model 
or samples to be duplicated between rubbe: 
blanks which are then compressed togethe 
to produce the casting cavity. (Illustration 
shows the vulcanizer.) The hardened rut 
ber molds are then suitable for casting me! 
als that melt below 700 deg. F., on a pri 
duction basis. Models may be of any met 
and require no drafting. 

Perfect reproduction of even the fin 
detail is assured by the use of centrifus 
force in casting, it is said. From 15 to 1\ 
gross of castings can be produced fron 
mold costing less than $5.00. The ent: 
equipment (available from Alrose) can 
set up in a 60-in. x 60-in. space. 


@ Die cast grilles are no longer confin: 

to the automotive industry. According ' 

the New Jersey Zinc Co., New York, the 
Wurlitzer automatic phonograph grille, 
formerly sand cast, is now a die casting, 
and Iron Fireman employs die cast grilles 
on an attractive new room heater. 


Spring Wire Treated by 
Direct Resistance Heating 


Increasing demand for higher and more 
uniform physical properties in spring wire 
led to the development of the process by 
which Jones & Laughlin Steel Corp., Pitts- 
burgh, produces its new Electromatic oil- 
tempered spring wire. The new process 
consists of passing enough electric current 
through the wire to heat it to the desired 
quenching temperature, so that the full 

“cross section is uniformly and simultane- 
ously heated to this temperature. 

The process is carefully regulated to pro- 
vide a 2-stage quenching operation that is 
not too drastic, followed by controlled tem- 
pering to develop maximum physical and 
fatigue properties. Wire so treated is said 
to have applications in various types of 
automobile and aircraft springs, and in me- 
chanical springs for farm-and-factory- 
machinery. 

(Continued on page 484) 
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Carbon, Copper or Alloy Steels—in any 
Open “0 analysis, in any quantity— 
to meet sane specifications . . . Welding 
beer tou hness, abrasion. resistance, 
uctility ... There is an “A.W.” Steel made 
to Alan Wood standards that will give 


you best results at the lowest possible cost. 


“SWEDE” PIG IRON 
Foundry, Malleable and Basic. 


INGOTS 


Standard and special sizes in any Open Hearth 
analysis. 


BLOOMS, BILLETS AND SLABS 
Alloy and Carton Grades. Forging and Re-rolling 
Qualities. 





MAIN OFFICE AND MILLS, CONSHOH 
Boston, Atlanta, Buffalo, rhein ap mn 
Los Angeles, San Francisco, Sea NoerelcAC Lele cc 
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UC’ fi aoeLios —~Sceel Products in Carbon, eal 
Steel Plates : ; Hot Rolled Sheets and Sete; . Wembe copemeus Floor P 


CUSUMET 


SHEARED STEEL PLATES 
Special Alloy, Tank, Ship, Boiler, Flange, Fire Box, 
Locomotive Firebox, Structural and Dredge Pipe. 


HOT ROLLED SHEETS 
All qualities, special Alloy, Annealed, Blued 
Finish, Hard Red, Pickled, or Deoxidized. 


FLOOR PLATES 
For every kind of flooring condition: “A.W.” Super 
Diamond, Standard Diamond, Diamondette, 
Sunken Diamond and Ribbed Patterns. Any pat- 
tern furnished in ferrous or non-ferrous analysis. 


STEEL CUT NAILS 
“Reading” Brand—all types and sizes. 


ALAN WOOD STEEL COMPANY 


ts SINGE 1826 t$ DISTRICT OFFICES AND RePRESENTATIVes——Philadelphia, New York, 


n, New Orleans, St. Paul, Pittsburgh, Roanoke, Sanford, N.C.,St.Louis, 
peror Alloy Analyses: : Sheared 


33 Billets, Blooms and Stabs : : *Piglron:: Reading Cut Nails. 






























Comparator-Densitometer 


Spectrochemical analysis is growing in 
popularity as a control tool and for re- 
search purposes. A simple, compact self- 
contained comparator-densitometer for meas- 
uring the density of lines on spectrogram 
plates is now available from Harry W. 
Dietert Co., Detroit. 

The instrument provides means for ac- 
curately and speedily projecting a spectro- 
gram on a viewing screen, and for identify- 
ing the spectral lines of up to 70 elements, 
it is said. The density is read from the 
scale of a meter in terms of percentage of 





light transmission, automatic motor scan- 
ning being employed to measure the light 
transmission of a spectral line. 


New Gas Regulators 


Three new single-stage general service 
regulators—the Oxweld R-80 oxygen regu- 
lator for delivery of oxygen at working 
pressures up to 200 lbs. per sq. in., the 
Oxweld R-81 for acetylene, and the Ox- 
weld R-82 for fuel gas—are announced by 
Linde Air Products Co., a unit of Union 
Carbide & Carbon Corp., 30 E. 42nd St., 
New York. 

The new regulators are designed to give 
completely dependable performance in all 
welding, cutting and deseaming opera- 
tions where simple construction and large 
capacity ‘are demanded but where the re- 
finements of two-stage regulators are not 
required. The three regulators are all of 
the Stem type—that is, the valve closes 
with the incoming pressure, thus assuring 
positive seating action. 

A new two-stage regulator, said to be 
unusual in that its first stage can be ad- 
justed to various pressures, has been de- 
veloped by Alexander Milburn Co., 1493 
W. Baltimore St., Baltimore, Md. Known 
as the Type FF ‘Twin Stage’ regulator, 
the new unit can be used for different 
operations; after the selected pressure is 
set, the delivery stage may be adjusted 
to any desired working pressure up to 200 
lbs—or more—if specified. 

The outstanding feature of the Type 
FF’s simplified construction is a unitary 
valve assembly, which is used in both 
stages and has only four simple parts. 
Seating is with instead of against the pres- 
sure. Removable and interchangeable in- 
lets permit adaptation to any tank or line 
connection for any type of gas. Also, the 
first stage of the type FF can be pur- 
chased separately for converting any make 
of single-stage regulator into two-stage 
control. 
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New Air-Hardening Die Steel 


For tool and die applications where ini- 
tial cost must be held to a minimum and 
where a non-deforming, easy-machining, 
tough steel with a wide hardening range is 
required, Jessop Steel Co., Washington, 
Pa., offers its Windsor special air-hardening 
die steel. 

This chromium - molybdenum - vanadium 
steel may be hardened and tempered in 
either oil or air. Its non-deforming quali- 
ties are demonstrated by its use in a die 
that has 27 holes and 6 large punches em- 
ployed to punch out clock frames of the 
greatest accuracy, by the Lux Clock Mfg. 
Co., Waterbury, Conn., who report no meas- 
urable change in the die after heat treat- 
ment. 


Balancing-Machines 
and Product Design 


From Gisholt Machine Co., Madison, 
Wis., comes an interesting description of 
the use of dynamic balancing technique as 
an adjunct to the design and manufac- 
ture of a metal product—in this case a 
home ventilating fan of the Sirocco type. 
Static balancing by means of roller-type 
ways had failed to provide sufficient ac- 
curacy of balance to eliminate vibration 
noises. 

A Gisholt type S Dynetric balancing ma- 
chine is said to have solved economically 
the problem of controlling unbalance and 
completely eliminating vibration noises on 
the entire range of fan sizes to within 
0.007 oz. of correction weight. Total time 
for measuring, locating, correcting and 
checking unbalance in each fan was only 
2.5 min. In addition, the machine uncov- 
ered a structural weakness in design that 
was responsible for many rejections and 
customers’ complaints. 

Fans are mounted for balancing on an 
arbor fitting the hub bore and having the 
same diameter as the shaft used in ultimate 
assembly. Balancing is done at actual 
operating speeds of 750-1800 r.p.m. Correc- 
tion planes are located in the shroud rings 
at either end of the fan, and correction is 
made by adding lengths of ¥%-in. wire 
solder on the shroud riggs. The number 
of 1/16-in. lengths of solder to be added 
at each position is read directly from the 
meter on the machine. 


New Oven Pyrometer 


There are many low-temperature heat- 
ing applications where an inexpensive, con- 
venient-sized indicating pyrometer of reli- 
able accuracy is highly desirable. Many 
manufacturers and operators of large and 
small ovens and electrical heating devices 
will be interested in the new “Alnor” pyro- 
meter, which gives temperature readings in 
any one of 3 ranges—0-500, 0-600 or 
0-800 deg. F. 

The instrument, manufactured by I/linois 
Testing Labs., Inc., Chicago, is a millivolt 
meter type of pyrometer, with a 25-in. 
scale. It is offered complete with thermo- 
couple up to 36 in. and manual zero- 
adjusting screw to permit resetting of the 
pointer for room or cold-end temperature. 
The price of the instrument is $22.50 in 
the 500 deg. F. range and $21.50 for the 
higher ranges. An internal cold-end com- 
pensator can be furnished at extra cost. 


New Tool Furnace 


Developed especially to meet the demand 
for a low-cost furnace having positive com. 
bustion control, the new Mahr tool furnace 
has a combustion chamber designed to give 
uniform heat throughout the hearth area at 
any temperature desired for any treatment of 
the various steels. 

The manufacturer, Mahr Mfg. Co., Minn- 
eapolis, Minn., reports that a new, improved 
control eliminates guessing, and assures re- 
producible results. The special proportional 
air-gas mixer has a vernier control gradu- 





ated for easy and quick setting. A rec cd 
chart of results desired permits instant 
tings for future repeat operations. 

The furnace is gas-underfired and 
equipped with 4 premixed gas burners 
ranged for single valve control—wit! 
without blower. Its size is 12 in. x 1 
x 6 in. 


Nitrided Stainless Steels 


Additional data on nitrided  staincss 
steels, described for the first time in our 
Sept. issue, pp. 271-273, have just been 
issued by Drever Co. of Philadelphia and 
Industrial Steels, Inc. of Cambridge, Mass., 
joint sponsors of the process. 

The process, known as the Drever-Indus- 
trial Stainless Nitriding Process and said 
to provide a nitrided case with hardness up 
to 93 Rockwell 15N on stainless steels, 
leaves the material with practically the same 
corrosion resistance as the unnitrided stain- 
less steel. Nitrided 18 and 8, for example, 
shows a “‘B plus” rating in the ASTM salt- 
spray test and nitrided samples of both 
chromium-iron and chromium-nickel-iron 
have “A” ratings in gasoline, kerosene and 
fuel oil. Steam impingement tests are said 
to show no case deterioration of the nit- 
rided surface after 100 hrs. 


— 


@ ‘Resistance forge-welding” is the name 
given by Progressive Welder Co., 3081 E. 
Outer Drive, Detroit, to their mew process 
of heavy-duty spot welding heavy (up to 
l-in.) steel and iron sections, which com- 
prises applying pressure to the work, then 
passing interrupted current, and finally sup- 
erimposing a hammering action on the elec- 


trode. 
(Continued on page 486) 
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New Furnace Atmosphere 


A new furnace atmosphere consisting 
largely of carbon monoxide and nitrogen 
and known as “drycolene’’ has been devel- 
oped by engineers of General Electric Co., 
Schenectady. The new atmosphere is said 
to be completely free of carbon dioxide, 
water and oxygen and is ready for delivery 
to the furnace without further treatment. 

The atmosphere is described as suitable 
for scale-free hardening, bright annealing, 
sintering and electric-furnace brazing of 
high-carbon steels without decarburization, 
carburization or oxidation. It is obtained 
from the G-E drycolene producer, in which 
dried products of fuel-gas combustion are 
passed over incandescent charcoal in a re- 
tort, the effluent gas being the controlled 
atmosphere. 


@ A new tonnage indicator for Steelweld 
bending presses (manufactured by Cleve- 
land Crane & Engineering Co., Wickliffe, 
Ohio) keeps both operator and manage- 
ment informed of press loadings and gives 
warning when the dies are worn. 


New Spot Welders 


As companion lines to the recently an- 
nounced types 0 and 1 foot-operated “Hot 
Spot” welders (see our Sept. issue, p. 304), 
the Acme Electric Welder Co., Huntington 
Park, Cal., is bringing out foot-operated 
rocker arm “Hot Spot’’ type 2 in 20 and 30 
kva. transformer capacities and type 3 in 40 
and 50 kva. transformer capacities. 

Housings are all-welded steel, horns are 
double and reversible, and clamping block 
devices are provided to retain the horns in 
their holders with perfect electrical contact, 
yet capable of instant release. 


@ Electroplating on aluminum and its al- 
loys is said to be made possible by a 2-4 
min. non-electrolytic dip in a _ solution 
known as “Pre-Plate,”’ furnished by Colonial 
Alloys Co., E. Somerset, Trenton Ave & 
Martha Sts., Philadelphia. 


New D.C. Arc Welder 


A new 200-amp. d.c. arc welder of Gen- 
eral Electric Co., Schenectady, N. Y., will 
provide any welding current from 25 to 250 
amps. and, it is said, will allow all-day 
manual welding to be done with currents 
up to 200 amps. using electrodes 1/16 to 
3/16 in. diameter. Electrodes as large as 
1 in. can be used on occasional short jobs. 

Two outstanding features claimed for the 
new welder are (1) that it prevents time- 
wasting arc pop-outs by providing for in- 
stant recovery of the voltage to an extent 
greater than the arc voltage after each short 
circuit, and (2) that it never allows current 
peaks to exceed 3 times the steady short-cir- 
cuit current on any adjustment, thus pre- 
venting excessive heat and spatter. 


@ An interesting application of stainless- 
clad steel is a mixing tank fabricated by 
L. O. Koven & Bros., Inc., Jersey City, 
from Jessop type 306 Silver-Ply steel plates 
supplied by Jessop Steel Co., Washington, 
Pa. The plates on this particular job con- 
sisted of 0.086 in. of stainless steel clad- 
ding on 0.351 in. of mild steel backing. 
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Tongs for Handling Ingots, etc. 


In plants where materials have to be han- 
dled by cranes or hoists, the use of Gellert 
Tongs, now produced exclusively by Hep- 
penstall Co., Pittsburgh, are said to de- 
crease safety hazards and to cut lost time to 
a minimum. The Gellert Tongs are simply 
lowered on the work, and then do their 





job automatically. The craneman has entire 
control, and ground men do not have to 
throw chains around hot ingots or forgings, 
nor climb to the top of scrap piles with 
danger of slipping or being crushed by ma- 
terial rolling down. 

Several types of these tongs are in suc- 
cessful operation in steel mills and foun- 
dries for handling ingots, ingot molds, die 
blocks, pipe, and wire; other special de- 
signs are made for non-ferrous metal ingots 
or shapes. Lifting capacities run as high 
as 200,000 Ibs. The working parts of the 
tongs are made of a nickel-chromium-molyb- 
denum steel corresponding to S.A.E. 4340, 
heat treated to provide ample strength along 
with toughness to resist shock loads. 


News of Metallurgical Engineers 


C. H. Manion, since 1932 chief engineer 
of Follansbee Steel Corp., Pittsburgh, has 
been elected vice-president in charge of 
operations. His place has been taken by 
Wm. L. Barr, erstwhile maintenance engi- 
meer .... UL. E. MacFayden has been ap- 
pointed superintendent of the High Bridge 
plant of Taylor-Wharton Iron & Steel Co. 
... + Daniel E. Igo recently joined Graver 
Tank & Mfg. Co., E. Chicago, Ind., as 
sales and promotion engineer on fabricated 
stainless and composite steels. 

With the new year J. B. Neiman, De- 
troit plant manager of Federated Metals 
Div. of American Smelting & Refining Co., 
will become general manager of the com- 
pany’s country-wide aluminum operations 
.... H. E. Ardahl, formerly chief metal- 
lurgist of John Deere Tractor Co., has been 
appointed assistant to the vice-president of 
Michiana Products Corp., Michigan City, 
ee H. R. Schofield, formerly chief 
engineer of Leeds & Northrup Co., Phila- 
delphia, has been appointed director of 
engineering, and J. W. Harsch takes his 
place as chief engineer... . 





]. C. Hodge, until now chief metallurgist 
of Babcock & Wilcox Co., has been elected 
vice-president and director of Wellman 
Engineering Co., Cleveland ....C. J. 
Miller, president of Fremont Foundry Co., 
has been elected president of the Gray Iron 
Founder's Society, Inc., and W. W. Rose 
was re-elected executive vice-president. 

Claire C. Balke, for the past year active 
in establishing a new powder metallurgy 
department at Stevens Institute of Tech- 
nology, has rejoined the research staff of 
Fansteel Metallurgical Corp., North Chi- 
cago. . . . Corbin T. Eddy’s promotion 
from associate professor in metallurgy and 
mineral dressing to professor and head of 
the department of metallurgical engineering 
is announced by Michigan College of Min- 
ing and Technology, Houghton, Mich. .. . 
Anthony W. Deller has been named patent 
counsel for the International Nickel Co. to 
head the company’s newly created patent 
department. . 

Melville Lowe, for the last 10 yrs. met- 
allurgist with Hevi Duty Electric Co., 
Milwaukee, has established a metallurgical 
consultant service in connection with the 
Anderson Laboratories, 3920 W. National 
Ave., Milwaukee. . Lincoln T. Work, 
associate professor of chemical engineering, 
Columbia University, New York, has been 
appointed director of research, Metal and 
Thermit Corp., New York. 


Free Service Department 


Replies to box numbers should be ad 
dressed care of METALS AND ALLOYS 
330 W. 42nd St., New York. 


POSITION WANTED: Powder metallurg 
with five years’ experience in research ar 
production development of metal powder pr 
ucts, mainly bearing and contact materia 
wishes to extend his experience by enteri: 
into broader fields of investigation of compa: 
ing, heat treating and subsequent adaptati: 
to commercial requirements of metal powd: 
products. Married. Prefer Midwestern ter: 
tory. Box MA-24. 





POSITION WANTED: Chemist-Libraria: 
Young man, Harvard-trained, with experienc: 
in analysis of glass and refraetories and pat 
ticularly in translating and abstracting foreig: 
technical literature. Reads Russian, French, 
German; now an_ abstractor for METALS 
AND ALLOYS, Chemical Abstracts, Cerami 
Abstracts, and industrial firms. Box MA-25. 


POSITION WANTED: Graduate metallur 
gist, age 25. Four years of practical exper- 
ence in physical metallurgy; consisting ol! 
metallography, laboratory, development field 
problems, etc., on a wide variety of ferrous 
and non-ferrous metals and alloys. Now em- 
ployed. Box MA-26. 


HELP WANTED: Recent young engineering 
graduate for work in ferrous research labora- 
tory. Native born American. Location Phila- 
delphia district. Reply giving age, education, 
experience and salary expected. Box MA-27. 


HELP WANTED: Opening available for 
manufacturers’ representatives to handle the 
sale of atmosphere furnace equipment in De- 
troit, Cleveland, Philadelphia and Buffalo. 
Box MA-28. 


HELP WANTED: The following territories 
are open for representation of manufacturer of 
metal heating equipment: St. Louis, Chicago, 
Cincinnati and Philadelphia. Box MA-29. 


POSITION WANTED: Powder metallurgist: 
B. S. 1934, Ch. E. 1936; age 27, single. Iwe 
years in manufacture and production control 
of cemented carbides for wire drawing dies by 
hot-press method. Two years in general pow- 
der metallurgy research including electric fur- 
nace and die design. Box MA-30. 
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MAKES 
FLEXIBLE EQUIPMENT 
EASIER TO OPERATE! 


The Fisher Wall-Mounted Dental X-Ray Apparatus 
is designed with flexible extension arms so that it can 


be instantly adjusted to any position. 


These arms are made of DOWMETAL”*, which is an 
alloy of Mg (magnesium)—a metal that is a full 
third lighter than any other in common use. In thus 
eliminating useless weight the designers attained a 
maximum ease of operation—an advantage highly 


desirable in dental work. 





This is just one more example of the wide-spread 
acceptance of DOWMETAL Magnesium Alloys for 


varied applications. Amazing lightness, togetherwith 





exceptional durability and toughness, make magne- 


sium (Mg) the most useful of all structural metals. 










fe DOWMETAL 


MAGNESIUM ALLOYS 





LIGHTEST OF ALL STRUCTURAL METALS 





ers 





The flexible extension arms of this Fisher Dental X-Ray Apparatus are 
made of DOWMETAL Sand Castings by Hills-McCanna Co. They 
eliminate weight and assure ease of adjustment. 


, 


DOWMETAL Magnesium Alloys are available in sand, 
die and permanent mold castings, forgings, sheet, 
strip, plate, bars, tubes, structural and special extruded 


shapes. Write for any information desired. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


Branch Sales Offices: New York City, St. Louis, Chicago, 
San Francisco, Los Angeles, Seattle. 


*Trade Mark Reg. U. 8. Pat. Of. 
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@ Armor plate, aeroplane parts, 
Shells, cartridge cases, bombs, 
gun barrels and mounts—the 
numerous component parts used 
in tractors, tanks, trucks, etc., 
in fact, every metallic item 
used for defense and all equip- 
ment used in their fabrication 
require Heat Treating. 























TIONAL DEFENSE... 


WITH (G9) FURNACES 
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@ Working closely with Government arsenals and navy yards, 
Surface Combustion has been instrumental in perfecting furnaces 
for the heating and heat treating of ordnance items. At the same 
time, Surface Combustion has secured a wealth of valuable ex- 
perience and is prepared to pass this knowledge on to industry 
cooperating with the Government in these critical times. 


Since practically every metallic part must be heat treated, 
modern furnaces are a vital part of the national defense program 
in which mass production is essential. The modern furnace is 
vastly different from its World War predecessor. Perhaps in no 
other metal processing machine has there been so many outstand- 
ing improvements in the last 22 years. 


This is no idle statement for it was during the years of 1917- 
1918 that the continuous furnaces first came into prominence. Far- 
reaching developments have since taken place...in temperature 
distribution, automatic control (both of temperature and mechan- 
isms), heat resisting alloy mechanisms, methods of heat transfer, and 
furnace atmosphere for control over both scale and decarburization. 


For speeding up the national defense 


Looking down into SC Furnace. 
Similar SC Furnace is also installed 
at Philadelphia Navy Yard. 


Large Recirculated Air Furnace for 
stress relieving welded gun car- 
riages at the Brooklyn Navy Yard. 
The parts treated are so large that 
it is necessary to remove the roof of 
the furnace for charging. 


Forge Furnace at Rock Island Arse- 
nal. Maximum temperature 2700°F. 


Car Bottom Recirculated Air Fur- 
nace for stress relieving gun car- 
riages at Washington Navy Yard. 


Front view of Recirculated Air Car 
Bottom Furnace at Washington 
Navy Yard. 


Completely automatic unit for hard- 
ening, quenching, and drawing 
shells at Frankfort Arsenal. 
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GAS:-FIRED SPACE HEATING 


EQUIPMENT 


program, Surface Combustion today 
offers industry the benefits of experi- 
ence accumulated during and since the 
World War... gained through coopera- 
tion with the arsenals and navy yards, 
the steel, automotive, agriculture, air- 
craft, non-ferrous and allied industries. 


No matter what national defense 
item you are manufacturing ... armor 
plate, shells, cartridge cases, bombs, 
gun barrels or mounts, any metallic 
part, tractors, tanks, trucks, aeroplane, 
or other ordnance vehicles .. . Surface 
Combustion has the facilities, ability, 
and experience to help you produce 
better heat treated parts, faster and at 
lower costs. Write to 
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SURFACE COMBUSTON CORPORATION + TOLEDO, OHIO 
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In the form of Rods, Forgings, Die Cast- 
ings and Welding Rods. For 25 years our 
efforts have been devoted to improving 
these products metallurgically, and to ren- 
dering prompt service to users over a wide 
area. 


As this country’s industry swings into pro- 
duction for preparedness—just remember 
that Titan is ready to serve you now 
and later. 


FOR REGULAR INDUSTRIAL USE 


TITAN METAL MANUFACTURING CO. _ 













































looked forward to each year with keen anticipation 
by metallurgists, metallurgical engineers, and 
others in the U. S., Canada, and elsewhere. This 
year it will be held in Cleveland—Oct. 21 to 25 
inclusive. General headquarters are the Statler Hotel 
—the Exposition will be held in the spacious Public 


T« NATIONAL METAL CONGRESS is an event 


| Auditorium. 

Preliminary announcements indicate that this year's 
affair—the 22d Congress—will be the largest in its 
: history. 


The Participating Societies 


For a number of years—and this is true this year 

: —four technical societies cooperate in making the 

Congress a success: The American Society for Metals 

which sponsors the Congress, the American Institute 

of Mining & Metallurgical Engineers (the two 
metal divisions), the American Welding Society, and 

the Wire Association. 

During the 5-day convention these four societies 
have scheduled over 150 papers, lectures and dis- 
cussions—presented by prominent metallurgists, 
metallurgical engineers, industrialists and scientists. 
Symposiums, or some special feature, characterize 
most of the programs, 








The Exposition 


The National Metal Exposition this year is re- 
ported to be the largest ever held—at least 20 per 
cent larger than the one in Chicago last year. Nearly 
all of the spacious available floor room in the Cleve- 
land Public Auditorium has been reserved. The 
total number of exhibitors approaches 275, occupying 
more than 100,000 sq. ft. 

A “theme’’ has been selected for this year’s show 

“New Aids to Production’’—tying in with the 
Government's Defense Program. 


Lectures 


The main feature in the scheduled lectures is the 
Campbell Memorial Lecture—delivered this year by 
Dr. S. L. Hoyt of Battelle Memorial Institute—on 
Wednesday morning, Oct. 21. 

Continuing a custom established 5 yrs. ago, a 
Public Auditorium—Cleveland—This will house the series of educational lectures will be delivered—one 

National Metal Exposition on “The Strength of Metals Under Combined 
Stresses” by Maxwell Gensamer, Carnegie Institute 
of Technology, and the other on “Quenching in Heat 
Treating.” The first series consists of five lectures; 
the second of three by different authorities. 

Other lectures have been arranged for by some 
of the other societies. 





pe Magaae: 


In General 


Plant visitations have been scheduled; the Cleve- 
land territory is rich in metal-working plants, ferrous 
and non-ferrous. 

On other pages will be found the tentative tech- 
nical programs of each society. A list of the ex- 
hibitors at the Exposition, as of Sept. 5, is also 
published. 
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Cf ROM the day Boeing American trans- 


atlantic clipper made its first trip 


across the ocean, Pump Engineering 
Service Corporation’s aircraft fuel 
pumps as illustrated have been used 
in the four Wright cyclone engine 
motors which power these clippers. 
Nitralloy Steel was specified for use 
in two of the most important parts of 
these aircraft pumps—the rotor and 
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drive couplings (illustrated here)— 
because according to Pump Engineer- 
ing’s chief engineer “It wears longer 
than any other similar material even 
with no lubrication other than what 
little may be derived from the fuel 


passing through the pump.” 


Nitralloy is also used in the cylin- 
der barrels, gears and other import- 
ant parts of the clipper’s motors be- 
cause Nitralloy presents a minimum 
of distortion and a maximum of wear 
resistance along with its tremendous 
durability. Just another of the many 
phases of industry that has accepted 
Nitrided Nitralloy to give longer life 
to vital machine parts. 


For information write the Nitralloy 


Corporation or any of its listed li- 
censees, 





‘FACE FOR WEAR RESISTANCE! 


THE NITRALLOY CORPORATION 


230 Park Avenue New York, N. Y. 


x « * 
Companies Licensed by The Nitralloy Corporation 

Allegheny Ludlum Steel Corp. ......... 2.66555 sees Watervliet, N. Y. 
r,t c ewe cweeeboneoteeens Bethlehem, Pa. 
Crucible Steel Co. of America ....... 6... 6 eee eens New York, N. Y. 
Wietin-Geewtime Steel Co. . 08 i ccc cc cee ses ves McKeesport, Pa. 
Republic Steel Corporation ......... 2.66.66 5se eens Cleveland, Ohio 
The Timken Roller Bearing Co. ....... 2... 6 eee eee eee Canton, Ohio 
Vanadium-Alloys Steel Co. ... 1... 62. cece crc ceeences Pittsburgh, Pa. 

* * * 

Operating and Accredited Nitriding Agents 
eens ee Be ae wwe ss ct ow warcsnccosoccae Camden, N, J. 
Commercial Steel Treating Corp. ...........-- 5. ee ees Detroit, Mich. 
The Lakeside Steel Improvement Co. ................ Cleveland, Ohio 
Lindberg Steel Treating Co. .... 2... 0-6 ec eee eee Chicago, Ill. 
OEE Ee OP ee ee ee ee Philadelphia, Pa. 
ne a, agit Gh pn eriseeseeves oWhMN MEN Philadelphia, Pa. 
New England Metallurgical Corp. ..............++-+5:. Boston, Mass. 
Pittsburgh Commercial Heat Treating Co. ............. Pittsburgh, Pa. 
Queen City Steel Treating Co. .........-. 6... eee ues Cincinnati, Ohio 
Wesley Steel Treating Co. ...... 1.6.6 eee cee enee Milwaukee, Wis. 


Ontario Research Foundation ............. Toronto, Ontario, Canada 
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Technical Program of the 


American Society for Metals 


LEADING FEATURE OF THE WEEK’S technical 

feast is the program of the sponsoring society, 
the A. S. M. 

The schedule this year calls for over 67 papers 
during 14 sessions, including lectures and a sym- 
posium on “Surface Treatment of Metals.” The 
sessions commence on Monday morning, Oct. 21, 
and continue each day through Friday, Oct. 25, some 
being simultaneous. These sessions and lectures will 
be held in thq’Statler Hotel in the morning, with 
the afternoon and evening sessions in the comfort- 
able meeting rooms of the Public Auditorium. 

Besides the symposium referred to, highlights of 





the program include a series of five lectures on “‘The 
Strength of Metals under Combined Stresses” by 
Dr. Maxwell Gensamer of Carnegie Tech. and three 
lectures on the general subject of ‘“Quenching in Heat 
Treating” by authorities in that field. 

The Campbell Memorial Lecture is the chief tech- 
nical event of the week. It will be delivered this 
year by Dr. S. L. Hoyt of Battelle Memorial Insti- 
tute, Columbus, Ohio. 

The annual banquet is scheduled for Thursday 
evening, Oct. 24, at the Hotel Statler. 

The tentative technical program for the 5-day 
convention is as follows: 


MONDAY, OCT. 21 


"Correlation of High Temperature Creep and Rupture Test 
sults,’ by R. H. Thielemann, General Electric Co. 

“The Development of Alloys for Use at Temperatures A 
1000 Deg. F.,” by E. R. Parker, General Electric Co. 

“The Significance of Hydrogen in the Metallurgy of Mal 
Cast Iron,” by H. A. Schwartz, G. M. Guiler and M. K. Ba 
National Malleable & Steel Castings Co. 

“Factors Affecting the Activity of Carburizing Compounds 
M. Sutton, Standard Oil Co. of Indiana, and R. A. Ragatz, Un 
sity of Wisconsin. 

‘A Balanced Protective Atmosphere—Its Production and 
trol,” by J. R. Gier, Westinghouse Electric & Mfg. Co. 

“Furnace Atmosphere Generation,’ by Sam Tour, Lucius Pi 
Inc. 

“Dimensional Changes on Hardening High Chromium 
Steels,’ by H. Scott and T. H. Gray, Westinghouse Electric & 
Mfg. Co. 

“Water Vapor in Furnace Atmosphere,” by Sam Tour, Lucius 
Pitkin, Inc. 


Educational Lectures 
5:00 P.M.—"The Strength of Metals Under Combined Stresses,” 
by Maxwell Gensamer, Carnegie Institute of Technology. 
8:30 P.M.—"Principles of Quenching,” by A. A. Bates, Westing- 
house Electric & Mfg. Co. 


TUESDAY, OCT. 22 


“Transformation of Austenite on Continuous Cooling and Its 
Relation to Transformation at Constant Temperatures,” by R. A. 
Grange and J. M. Kiefer, United States Steel Corp. 

“Influence of Austenitic Grain Size on the Critical Cooling Rate 
of High-Purity Iron-Carbon Alloys,” by T. G. Digges, National 
Bureau of Standards., 

“Dilatometric Studies in the Transformation of Austenite in a 
Molybdenum Cast Iron,’ by D. B. Oakley and J. F. Ocsterle, Uni- 
versity of Wisconsin. 

“Effect of Rate of Heating Through the Transformation Range 
on Austenitic Grain Size,’ by S. J. Rosenberg and T. G. Digges, 
National Bureau of Standards. 

“Recovery of Nickel from Cold Working on Annealing,” by 
Erich Fetz, Wilbur B. Driver Co. 

“Structural Changes in Low Carbon Steels Produced by Hot and 
Cold Rolling,” by N. P. Goss, Cold Metal Process Co. 

(Continued on page 502) 
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W SPELD 
BRASS 


mooth, Bright, Heavy Brass Coatings 
in '/2 to '/3 the Time! 













Good, bright plate of controlled thickness. 


Speedy deposition—2 to 3 times faster than 
& present practices. 


Operates in usual cyanide equipment. 


Solution is quickly prepared and chemi- 
4 cally controlled. 
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“Cavalcade of America” —back on the air—every Wednesday 7:30 P. M. E. S.T. Nation-wide Network 
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(Continued from page 498) 


“Ouantitative Measurement of Strain Hardness in Austenitic 
Manganese Steel,” by D. Niconoff. 

“Equilibrium Relations in the Solid State of the Iron-Cobalt 
System,” by W. C. Ellis and E. S. Greiner, Bell Telephone Labora- 
tories. 

“The Effect of Molybdenum and Columbium on the Structure, 
Physical Properties and Corrosion Resistance of Austenitic Stainless 
Steels,’ by R. Franks, W. O. Binder and C. R. Bishop, Union Car- 
bide & Carbon Research Laboratories. 

“Kinetics and Reaction Products of the Isothermal Transforma- 
tion of a 6 Per Cent Tungsten, 6 Per Cent Molybdenum High 
Speed Steel,” by J. L. Ham, R. M. Parke and A. J. Herzig, Climax 
Molybdenum Co. 

“Some Surface Studies on Treated High Speed Steel,” 
Morrison, Landis Machine Co. 

“Surface Carbon Chemistry and Grain Size of 18-4-1 High Speed 
Steel,” by W. A. Schlegel, The Carpenter Steel Co. 


by J. G 


Educational Lectures 


5:00 P.M.—"The Strengih of Metals Under Combined Stresses,” 
by Maxwell Gensamer, Carnegie Institute of Technology. 

8:30 P.M.—"Quenching in Production Heat Treating,” by W. J. 
Conley, University of Rochester. 


WEDNESDAY, OCT. 23 
1940—-EDWARD DE MILLE CAMPBELL MEMORIAL 
S. L. Hoyt, Battelle Memorial Institute. 

“The Technique of Microradiography and Its Application to 
Metals,” by G. L. Clark and W. M. Shafer, University of Illinois. 

“Quantitative Evaluation of Distortion in Silicon Steel and in 
Aluminum,” by G. L. Clark and W. M. Shafer, University of 
Illinois. 

‘Notes on the Interpretation of X-Ray Diffraction Diagrams and 
Evidence of Mosaic Structures,” by N. P. Goss, Cold Metal Process 
Co, 

“Effects Upon Furnace Refractories of Protective Gases for 
High Carbon Steels,” by J. H. Loux, Salem Engineering Co. 

“Further Notes on Precipitation Hardening in the Heavy Alloys,” 
by W. P. Sykes, General Electric Co. 

“Some Properties of Hot Pressed and Sintered Copper Powder 
Compacts,” by C. G. Goetzel, American Electro Metal Corp. 

“The Precipitation Reaction in Cold Rolled Phosphor Bronze: 
Its Effects on Hardness, Conductivity, and Tensile Properties,” by 
R. H. Harrington and R. G. Thompson, General Electric Co. 

“The Effect of Impurities on Some High Temperature Properties 
of Copper,” by E. R. Parker, General Electric Co. 

Educational Lectures 

5:00 P.M.—"The Strength of Metals Under Combined Stresses,” 
by Maxwell Gensamer, Carnegie Institute of Technology. 

8:30 P.M.—"Quenching in Custom Heat Treating,” by R. G. 
Roshong, Lindberg Steel Treating Co. 


LECTURE, by 


THURSDAY, OCT. 24 


“Cementite Stability and Its Relation to Grain Size, Abnormality 
and Hardenability,” by C. R. Austin and M. C. Fetzer, Pennsyl- 
vania State College. 

“Effect of Deoxidation on Hardenability,’ by C. V. Cash, T. W. 
Merrill and R. L. Stephenson, Carnegie-Illinois Steel Corp. 

“The Effect of Grain Size on Hardenability,” by M. A. Gross- 
mann and R. L. Stephenson, Carnegie-Illinois Steel Corp. 

“Hardening Characteristics of Various Shapes,” by M. Asimow 
and M. A. Grossmann, Carnegie-Illinois Steel Corp. 

“Effect of Nitrogen on the Case Hardness of Two Alloy Steels,” 
by S. W. Poole, Republic Steel Corp. 

"Influence of Silicon and Aluminum Additions on the Constitu- 
tional Diagram of 4-6 Cr-Mo Steel, by C. L. Clark, University of 
Michigan, and M. A. Bredig, Vanadium Corp. of America. 

"The Effect of Molybdenum on the Isothermal Transformation of 
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Austenite in Low and Medium Carbon Steels,” by J. R. Blanchard, 
R. M. Parke and A. J. Herzig, Climax Molybdenum Co, 

“Effects of Small Amounts of Alloying Elements on the Temper. 
ing of Pure Hypereutectoid Steels, by C. R. Austin and B, §. 
Norris, Pennsylvania State College. 


SYMPOSIUM ON SURFACE TREATMENT OF METALS: 


“Anodic Treatment of Aluminum,” by J. D. Edwards, Aluminum 
Co. of America. 

“Passivation and Coloring of Stainless Steel,” 
Allegheny-Ludlum Steel Corp. 

“Chemical Treatment of Magnesium Alloys,” by H. W. Schmidt, 
Dow Chemical Co. 

“Corrosion Resistance of Tin Plate; Influence of Steel Case 
Composition on Service Life of Tin Plate Containers,” by R. Hart. 
well, American Can Co. 

“Zinc Coatings: Unit Operations, Costs and Properties,” by J. L. 
Bray, Purdue University, and F. R. Morral, Continental Steel Corp, 

“The Fatigue and Bending Properties of Cold Drawn Steel 
Wire,’ by H. J. Godfrey, Lehigh University, Fritz Engineering 
Laboratory. 

“The Chafing Fatigue Strength of Some Metals and Alloys,” by 
G. Sachs and P. Stefan, Case School of Applied Science. 

“Fatigue and Damping Studies of Aircraft Sheet Materials: Dura 
lumin Alloy 24ST, Alclad 24ST and Several 18-8 Type Stainless 
Steels,” by R. M. Brick and Arthur Phillips, Yale University. 

“Alloys of Manganese and Copper: Vibration-Damping Capac 
ity,’ by R. S. Dean, C. T. Anderson and E. V. Potter, Bureau of 
Mines, U. S. Dept. of Interior. 


by G. C. Kiefer, 


Educational Lecture 


5:00 P.M.—"The Strength of Metals Under Combined Stre, :es,” 
by Maxwell Gensamer, Carnegie Institute of Technology. 


FRIDAY, OCT... 25 


Educational Lecture 


9:00 A.M—"The Strength of Metals Under Com ined 
Stresses,’ by Maxwell Gensamer, Carnegie Institute of Techn. ogy. 
SYMPOSIUM ON SURFACE TREATMENT OF METALS: 

“Diffusion Coating on Metals,” by F. N. Rhines, Carnegie !nsti- 
tute of Technology. 

“Surface Reactions and Diffusion,” by J. E. Dorn, J. T. Gier, 
L. M. K. Boelter and N. F. Ward, University of California. 

“Heat Treating with Induction Heat,’ by Edmund Blasko, Ford 
Motor Co. 

‘Inherent Characteristics of Induction Hardening,” by MM. A. 
Tran, Park Drop Forge Co., and H. B. Osborn, Ohio Crankshatt Co. 

“Flame Pretreatment of Structural Steel Surfaces for Pain‘ing,” 
by J. G. Magrath, Air Reduction Sales Co. 

"Shot Blasting and Its Effect on Fatigue Life,” by F. P. Zim- 
merli, Barnes Gibson Raymond, Inc. 

“Effect of Surface Conditions on Fatigue Properties,” by O. J. 
Horger and H. R. Neifert, Timken Roller Bearing Co. 

“Chip Formation, Friction and High Quality Machined Surfaces,” 
by Hans Ernst and M. E. Merchant, Cincinnati Milling Machine 
Co. 

“Observations on the Tarnishing of Stainless Steels on Heating 
in Vacuo,” by V. C. F. Holm, National Bureau of Standards. 

“The Tracer Method of Measuring Surface Irregularities,” by 
E. J. Abbott, Physicists Research Co. 

The following papers will be presented by title: 

“Alloys of Manganese and Copper: Electrical Resistance,” by 
R. S. Dean and C. T. Anderson, Bureau of Mines, U. S. Dept. of 
Interior. 

“The Alloys of Manganese and Copper: Hardening by Cold 
Work and Heat Treatment,” by R. S. Dean and C. T. Andersom, ~ 
Bureau of Mines, U. S. Dept. of Interior. 

“The Alloys of Manganese-Copper and Nickel: Hardening im the 
Pseudo Binary System Cu-Mn-Ni,” by R. S. Dean and C. T. Andet — 
son, Bureau of Mines, U. S. Dept. of Interior. 
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X-RAY inspected THERMALLOY 
muffles, retorts, trays and molten 





liquid containers continue to es- 


tablish new records of perform- 
ance. 
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HE USUAL EXCELLENT technical program of 
Seen 15 papers has been prepared for the sessions 
of the Iron and Steel and the Institute of Metals 
Divisions of the American Institute of Mining and 
Metallurgical Engineers. The headquarters are at 
the Hotel Cleveland, where all sessions will be held. 
These commence on Monday, Oct. 21, and end on 
Wednesday, Oct. 23. 

The annual autumn joint dinner of the two divi- 
sions is scheduled for Tuesday evening, Oct. 22. 
The principal after-dinner speaker, to be announced, 
is expected to discuss the ‘‘Role of the Metallurgist 
in the National Defense Program.” 

The tentative technical program follows: 


MONDAY, OCT. 21 


INSTITUTE OF METALS AND IRON AND STEEL DIVISIONS—JOINT 
SESSION ON CONSTITUTION OF ALLOYS: 


‘An Investigation on the Structure and Properties of Some Iron- 
Nickel Alloys,’ by George Sachs and J. Spretnak, Case School of 
Applied Science. 

“Precision X-Ray Study of the High Silver Aluminum-Silves 
Alloys,’ by Frank Foote, Cooper Union, and Eric R. Jette, Schoo! 
of Mines, Columbia University. 

"X-Ray Analysis of Hot-Galvanized Heat-Treated Coatings,” b 
F. R. Morral, Continental Steel Corp., and E. P. Miller, Purdu: 
University 





IRON AND STEEL DIvISiION—BESSEMER STEEL: 

“The Acid Bessemer Process of 1940,” by H. W. Graham, Jon 
and Laughlin Steel Corp. 

“Method of Dephosphorization of Bessemer Steel,” by B. 
Hazeltine, Wheeling Steel Corp. 

INSTITUTE OF METALS DIVISION—LEAD AND ZINC: 

“Creep and Recrystallization of Lead,” by Albert A. Smith, J 
American-Smelting and Refining Co. 

Tensile Properties of Rolled Magnesium Alloys: Binary Allo 
with Calcium, Cerium, Gallium and Thorium,” by John C. M 
Donald, Dow Chemical Co. 

X-Ray Study of the Solid Solutions of Lead, Bismuth and G 
in Magnesium,” by Frank Foote, Cooper Union and Eric R. Jet: 
Columbia University. 

The Grain Orientation of Cast Polycrystalline Zinc, Cadmi: 
and Magnesium,” by Gerald Edmunds, The New Jersey Zinc C 


LUSseent.. VLT. 22 
INSTITUTE OF METALS DIVISION—COPPER: 


“Coalesced Copper; Its History, Production and Characteristics, 
by H. H. Stout, Consulting Metallurgical Engineer. 

“The Hydrogen Embrittlement of Pure Copper,” by Frederick N 
Rhines and William A. Anderson, Carnegie Institute of Technology 

“The Effect of Composition upon Physical and Chemical Proper- 
ties of 14-K Gold Alloys,” by Tracy C. Jarrett, American Optical 
Co. 


IRON AND STEEL DIVISION—SURFACE QUALITIES: 

“Surface Finish and Structure,” by John Wulff, Massachusetts 
Institute of Technology. 

"Analysis of the Cold-Rolling Texture of Iron,” by Charles S 
Barrett and L. H. Levenson, Carnegie Institute of Technology. 
INSTITUTE OF METALS AND IRON AND STEEL Divistons—JOINT 





SESSION ON PHYSICAL METALLURGY: 

“Measurement of Irreyersible Potentials as a Metallurgical Re- 
search Tool,” by R. H. Brown, William L. Fink and M. S. Hunter, 
Aluminum Co. of America. 

"On the Solidification of Solid Solutions Under Equilibrium 
Conditions,” by Morris Cohen, Massachusetts Institute of Tech- 
nology, and William P. Kimball, Thayer School of Civil Engineer- 
ing, Dartmouth College. 


WEDNESDAY, OCT. 23 


INSTITUTE OF METALS AND IRON AND STEEL DIvISIONS—JOINT 
SESSION: 
“Electrolytic Polishing of Metals—Metallographic and Commer- 
cial’; Round Table Discussion. 
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HESE four famous products, 

all conspicuous in use, must 
have both beauty and durability of finish. The clean- 
ing operation, before Bonderizing, must provide the 
smooth, satin surface upon which the final finish 
can be built. It is no coincidence that these four 
famous products put the all-important metal-pre- 


paring job up to Pennsalt Cleaners. 


Their solvent and emulsifying action, lasting power 
and fast cleaning ability are well known in many 


industries, which report not only a cleaning job 


Other Pennsylvania Salt chemical 
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superbly done but at great savings of money. Start- 
ing with Orthosil as our original heavy-duty cleaner, 
we have developed a whole family of cleaners that 
meet, with laboratory precision, just about every 
industrial need. 


One or another of our Pennsalt Cleaners is likely to 
fit into your processes with efficiency and economy. 
Would you care to make a test? Our technical staff 
is ready to give full information and assistance. 
Write to Pennsalt Cleaner Division, Pennsylvania 


Salt Manufacturing Company, Philadelphia, Pa. 
Address Dept. G. 
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Technical Program of the 


American 


Welding Society 


T ITS ANNUAL CONVENTION during the National 

Metal Congress, the American Welding Society, 
at some 15 different sessions, will present a program 
of some 55 technical papers. The sessions are sched- 
uled for each day of the 5-day Congress, many of 
them simultaneous, and embracing various subjects 
related to welding activities. The Hotel Cleveland 
is the society's headquarters where all technical ses- 
sions will be held. 


This year, at the annual banquet, to be held at the 
headquarters, Thursday evening, Oct. 24, there will, 
for the first time, be no speakers—it will be pre- 
sided over by the society’s president, George T. 
Horton, and the evening will be devoted to enter- 
tainment and dancing. 

The technical papers scheduled follow: 


MONDAY. OCT. 21 


SHIPBUILDING AND STRUCTURAL SESSION 

"Welding in Shipbuilding,’ by David Arnott, American Bareau 
of Shipping. 

“Welded Rigid Frame Structures,’ by A. Amirikian, Navy De- 
partment. 

STEEL MILL SESSION 

“Resistance Flash Welding of Strip in Steel Mills,” by J. H. 
Cooper, Taylor Winfield Corp. 

“Design and Fabrication of Heavy Rolling Mill Machinery,” 
by G. W. Linkhauer, United Engineering & Foundry Co. 

"Shape Cutting in Steel Mill,’ by Joseph Stanley, Carnegie- 
Illinois Steel Corp. 

"Hard Facing Steel Equipment,” by Frank L. Gray, Carnegie- 
Illinois Steel Corp. 


INDUSTRIAL RESEARCH SESSION 
“Flexible Beam Connections,” by Bruce Johnston and L. F. 
Green, Lehigh University. 
“Weldability of Carbon Steels,” by C. E. Jackson and G. G. 
Luther, Naval Research Laboratory, Anocostia Station. 
“Defects in Weld Metal and Hydrogen in Steel,” by Carl A. 
Zapfte and C. E. Sims, Battelle Memorial Institute. 


TUESDAY, OCT. 22 
MACHINERY SESSION 

"Welding and Cutting Problems in Small Fabricating Shop,” by 
Roger B. White and J. T. Lewis, Lewis Welding & Eng. 

“Welding Electrical Machinery,” by R. A. Taylor, Westinghouse 
Electric & Mfg. Co 

“Recent Developments in Flame Machining,” by H. E. Landis, 
Jr., and J. G. Magrath, Air Reduction Sales Co. 

FUNDAMENTAL RESEARCH SESSION 

"A Method of Studying the Effects of Inertia and Friction in 
Resistance Welding Machines,” by W. F. Hess and R. A. Wyant, 
Rensselaer Polytechnic Institute. 

“The Welding of Carbon-Molybdenum Piping for High Tem- 
perature High Pressure Service,’ by R. W. Emerson, Pittsburgh 
Piping & Equipment Co. 
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“Microfissuring in Multi-Pass Welds,’ by J. L. Miller and L, 
R. Kovac, Armour Institute of Technology. 


TUESDAY, OCT. 22 
MACHINERY SESSION 


“Flame Hardening,” by R. H. Zielman, Thew Shovel Co. 

“Production Flame Hardening of Machine Parts,” by John 
Erler and P. H. Tomlinson, Farrel-Birmingham Co., Inc. 

“High-Speed Mechanized Oxy-Acetylene Welding,’ by H. T. 
Herbst, The Linde Air Products Co. 

"Machine Flame Cutting in Preparation for Welding,” by W. 
Roy Widdoes, By-Products Steel Corp. 

"Use of Welding and Cutting in the Fabrication of Ditching 
Equipment,” by A. R. Askue, Cleveland Trencher Co. 

FUNDAMENTAL RESEARCH SESSION 

“Welded Girders With Inclined Stiffeners,” by Cyril Jensen and 
C. Antoni, Lehigh University. 

"Determination of Contact Resistance,” by W. B. Kouwenhoven 
and J. Tampico, Johns Hopkins University. 

"Electrodes for Welding Cast Iron,’ by G. S. Schaller, Uni- 
versity of Washington. 

“Fundamentals of Resistance Welding,” by R. S. Pelton, Gen 
eral Electric Co. 


WEDNESDAY, OCT. 23 
RESISTANCE WELDING SESSION 

“Resistance Welding Electrodes—Some Fundamental Consider. 
tions,” by G. N. Sieger, S-M-S Corp. 

"Changes in the Shape of Spherical Spot-Welding Electrode 
by W. F. Hess and R. A. Wyant, Rensselaer Polytechnic Institute 

Recorders and Indicators for Resistance Welding Machine 
by W. C. Hutchins, General Electric Co. 


COMBINED FUNDAMENTAL-INDUSTRIAL RESEARCH SESSION 


"The Effect of the Physical State of Steel Upon the Ten 
Strength of Brazed Joints,’ by F. C. Kelley, General Electric ¢ 

“Causes of Crater Formation,” by G. E. Doan, Lehigh U: 
versity. 

“Improving Ductility of Oxy-Acetylene Welds by Aging,” 
J. R. Dawson and A. R. Lytle, Union Carbide & Carbon Resear 
Laboratories. 

“Cold Rolling Testing of Welded Joints,” by T. P. Hug! 
and R. L. Dowdell, University of Minnesota. 


RESISTANCE WELDING SESSION 

"Scope and Limitations of the Stored Energy Type Resista 
Welding,’ by C. Weygandt, Moore School of Engineering, U: 
versity of Pennsylvania, and G. S. Mikhalapov, Baldwin-Southwa 
Div., Baldwin Locomotive Works. 

‘A Study of Spot Welding on a Copper Base Alloy,” by M. | 
Wood, J. Babin and O. B. Atkin, Chase Brass & Copper Co. 

"Stored Energy Systems of Spot Welding,” by H. B. Axtell and 
R. L. Ringer, Jr., Taylor-Winfield Corp. 

“Resistance Brazing in Electrical Apparatus Manufacture,” by 
R. J. Wensley, I-T-E Circuit Breaker Co. 

“Spot Welding in Aircraft Construction,” by C. F. Marschner, 
McDonnell Aircraft Corp. 

(Continued on page 514) 
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in metal joining found that Sil-Fos 
asy-Fl ided reliable joints 
in fst ime af low cost. Large quan- BRAZING ALLOYS MEET TODAY'S NEED FOR 


fities are now regularly used ‘in the SPEED WITH RELIABILITY IN METAL JOINING 


autom tive, aviation, electrical, re- 

friger. on, air-conditioning and cop- 

oil Singers * a ne They're FAST — Low working temperatures (Sil-Fos 1300 Deg. F. and 
— é- d Fed # fi Easy-Flo 1175 Deg. F.) plus exceptional fluidity make the brazing action 
clude: in Navy and Federa Specifi- so fast that a single operator often can do as much as two or more using 
other methods. 





catio To manufacturers now 
interc. ed in faster production with- 
out s_ -ificing reliability, Sil-Fos and They're EASY TO USE — Any operator can catch on to the Sil-Fos and 
Easy. o offer an opportunity that is Easy-Flo brazing technique in a few minutes. They fit in perfectly on 
well worth vetting many mass production set-ups. 





They're RELIABLE — Finished joints give full metal strength and are 
ductile and dependable where shock and vibration are severe. Millions 
of joints are made every year in spots where permanence ranks first 
in importance. 





They're ECONOMICAL = In your plant low brazing temperatures, in- 
Stant penetration, thin films of alloy, little or no finishing, will mean 
savings in time, gases and materials. The cost per joint is surprisingly low. 


TRY THEM ON YOUR WORK - Try Sil-Fos on non-ferrous metals and 


Easy-Flo on iron, steel, stainless steel, Monel, Everdur, or other ferrous 
or non-ferrous alloys. Easy-Flo is considered by many to be the most 
reliable way of joining dissimilar metals. For full details mail the 
coupon below — today. 


HANDY & HARMAN 


82 Fulton St. New York, N. Y. 


Representatives in Principal Cities. + In Canada: HANDY & HARMAN of Canada Ltd., Toronto 
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HANDY & HARMAN MA-10 
82 Fulton St., New York, N. Y. 


We are interested in getting faster, better production on our metal joining work and accept your offer to assist ‘es 


checked below. 
C) Send us the SIL-FOS and EASY-FLO Bulletins. 


C) Have a field engineer call and check our metal joining operations. 
C) Have a field engineer call and demonstrate SIL-FOS and EASY-FLO. 

















Technical Program of the 


Wire Association 


PROGRAM OF ABOUT 15 technical papers will be 
A presented before the annual meeting of the Wire 
Association. They will include discussions in both 
the ferrous and non-ferrous divisions of the society, 
and will commence on Monday, Oct. 21 and extend 
through Thursday, Oct. 24. Some new motion pic- 


“What Does Good Laboratory Practice Do to Help Production 
in the Steel Industry,’ by George P. Lenz, Union Drawn Steel 
Division, Republic Steel Corp. 

“Application of Tungsten Carbide Tools and Dies,” by Firth- 
Sterling Steel Co.; Motion Picture. 

“Electro Chemical Applications in the Wire Industry,” by C. 
L. Mantell, New York City. 

“Copper From Mine to Market,” by Phelps Dodge Copper 
Products Co.; Motion Picture. 

"Uses of Lime in the Wire Industry,’ by D. E. Washburn, The 
Warner Co. 

“The Use of Plane Polarized Light and Sensitive Tint Illumina- 
tion in the Analysis of the Microstructure of Steel,’ by B. L. 
McCarthy, Wickwire Spencer Steel Co.; Mordica Memorial Lec- 
ture. 


tures will be a feature. 

The headquarters of the society will be the Hotel 
Carter where the technical sessions will be held. The 
annual banquet is set for Wednesday evening, 
Oct. 23. 

The technical program is tentatively as follows: 


“Tungsten Carbide Dies and Tools,’ by James R. Longwell, 
Carboloy Co. 

“Recent Developments in Heating Copper Wire Bars,” by Joho 
A. Doyle, W. S. Rockwell Co. 

“Continuous Annealing,” by C. B. Fantone, Syncro Machine ¢ 

"The Endurance Properties of Hard Drawn Wire From Vario 
Kinds of Copper,” by John N. Kenyon, Columbia University. 

“Reactive Drawing Results,” by H. A. Stringfellow, Worcest 
Mass. 

“Galvanizing Characteristics of Different Types of Steels,’ by 
Robert W. Sandelin, Atlantic Steel Co. 

“Design and Operation of a New Copper Wire Drawing Plan 
by H. Blount, Point Breeze Works, and J. D. Wiltrakis, Kea: 
Works;Western Electric Co. 

“Development of Apparatus for Shaving Copper Wire Cor 
mercially,’ by C. E. Weaver, General Electric Co. 





(A. W. S. Program continued from page 510) 
STRUCTURAL SESSION 
"Shall We Weld Our Bridges?” by Fred L. Plummer, Ham- 
mond Iron Works. 
“Design and Construction of Arc Welded Steel Structures,” by 
LaMotte Grover, Air Reduction Sales Co. 
“Flame Cleaning of Structural Steel,” by F. H. Dill, American 
Bridge Co. 
SEBURB SOA, VG 2 
PirpE WELDING SESSION 
“Pipe Welding for the Naval Service,” by Bela Ronay, U. S. 
Naval Engineering Experiment Station. 
“Welding of Copper and Red Brass,” by J. J. Vreeland and J. 
Babin, Chase Brass & Copper Co. 
“Investigation of Gas and Arc Fillet Welds in Piping,” by Eric 
Seabloom and I. H. Carlson, Crane Co. 
“Preheating—W elding—Normalizing,” by C. J. Holslag, Elec- 
tric Arc Cutting & Welding Co. 
PROCEDURE CONTROLS AND SPECIAL APPLICATIONS 


“Cost and Procedure Control by Use of Polarized Light,” by 
E. W. P. Smith, Lincoln Electric Co. 


514 





“Training of Operators for Welding,” by S. Lewis Land, Super- 
visor of Industrial Education, N. Y. State Dept. of Education. 

"Codes. for Welded Pressure Vessels,’ by D. S. Jacobus, Bab- 
cock & Wilcox Co. 

“Aircraft Welding,” by Hanford Eckman, Piper Aircraft Corp. 

“Design and Construction of Large Cement Kilns,”’-by C. A. 
Malmberg, Allis-Chalmers Mfg. Co. 


Fase ar, OCT. 23 
METALLURGICAL SESSION 

“Properties of 18-8 Weld Deposits,” by K. W. Ostrom, Arcos 
Corp. 

“Metallurgical Changes at Welded Joints, and the W eldability 
of Steels,’ by R. H. Aborn, U. S. Steel Corp. Research Laboratories. 

"Silver and Alloy Soldering,” by C. Zappone, Robertshaw 
Thermostat Co. 

RAILROAD SESSION 

“Welding in Tank Car Construction,” by J. W. Sheffer, Amer- 
ican Car & Foundry Co. 

“Welding of Passenger Cars,’ by A. M. Unger, Pullman- 
Standard Car Mfg. Co. 
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ASSOCIATE EDITORS: 


A, A. Anderson, G. Ansel, W. H. Boynton, A. 
Brenner, Janet Briggs, W. H. Bruckner, R. W. 
Buzzard, J. C. Chaston, Frances Clark, A. W. 
Contieri, B. N. Daniloff, ]. W. Donaldson, H. C. 
Duus, E. Fetz, J]. D. Gat, B. W. Gonser, J. L. 
Gregg, G. E. Guellich, M. E. Haas, M. Harten- 
heim, C. E. Jackson, C. B. Jenni, J. B. Johnson, 
H. F. Kaiser, B. Z Kamich, P. R. Kosting, A. 1. 
Krynitsky, D. J]. Martin, G. T. Motok, T. Mur- 
akami, G. Neuendorff, H. Nishimura, Frank G. 
Norris, J]. M. Noy, V. S. Polansky, H. W. Ratb- 
mann, P,. C. Rosenthal, C. M. Saeger, Jr., T. Sato, 
M. Schrero, R. P. Seelig, A. U. Seybolt, N. Shi- 
bata, A. P. Som, O. R. Spies, B. H. Strom, K. 


Tamaru, H. F. Taylor, Cyril Wells, R. A. Wit- 
schey. 











Blast Furnace Practice, Smelting, Direct Reduction 
and Electrorefining. Open-Hearth, Bessemer, Elec- 
tric-Furnace Melting Practice and Equipment. Melt- 
ing and Manufacture of Non-Ferrous Metals and Al- 
loys. Soaking Pits and other Steel-Mill and Non- 
Ferrous-Mill Heating Furnaces, Steel and Non-Fer- 
rous Rolling, Wire Mill and Heavy Forging Practice. 
Foundry Practice, Furnaces, Equipment and Materials. 
Manufacture of Die Castings. 


la. Ferrous 
Rolling Steel Sheet 


A Composite 
Two good, practical reviews of some of 
the melting and rolling factors that affect 
the quality of steel sheet have been pub- 
lished in recent issues of Sheet Metal In- 
dustries. 







pa 


types are both available. 


Foot 32nd St. 








|) FURNACES 
o] 


LECTROMELT furnaces offer the rapid and economic means for 
the production of plain carbon and alloy steel ingots and castings 
as well as gray and malleable irons. Top charge and door charge 
LECTROMELT furnaces are built in 
standard capacities from 25 pounds to 100 tons. Write for details. 


PITTSBURGH LECTROMELT FURNACE CORP. 


According to T. Grey-Davies, most de- 
fects originate in the steel-making or cast- 
ing process as seams, broken surface, scabs, 
blisters, or dirty steel. Rimmed steel ingots 
sometimes have blowholes close to the sur- 
face and the thin skin may break through 
during processing. Some ingot cracks are 
also associated with the type of blowholes 
present. 








USE 
MOORE RAPID 


for 
MELTING 
REFINING 
SMELTING 


Illustration shows top charge type LEC- 
TROMELT furnace with roof raised and 
rotated to one side to permit quick 
charging with drop bottom bucket. 


Pittsburgh, Pa. 
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Some defects, such as blisters, may be 
seriously aggravated in further processing, 
i.e. by incorrect pickling or heating. Streaks 
are usually caused by clay or ganister in- 
clusions from the open hearth department, 
but may also be caused by lack of cleanli- 
ness in the rolling department. Stickers 
are usually caused by incorrect tempera- 
ture and pressure in processing, although it 
is known that high phosphorus steels are 
less liable to this defect than low-phos- 
phorus. Roll marks, uneven gage, and 
rough corners are some of the defects at- 
tributable only to the rolling mill. 

The fundamental requirements for good 
gage in cold rolling are examined by F. 
MOHLER (‘Ten Essentials for Accurate Roll- 
ing Practice’, lbid., Aug. 1940, pp. 833 
836.) Good quality hot strip is, of course, 
vital and large coils are essential. Oper- 
ating and control equipment should include: 
Shunt wound motors so designed that a 
maximum of 40% current is not exceeded 
in accelerating to maximum speed in 10 
sec.; tensiometers for indicating the tension; 
vernier rheostats for adjusting the speed 
and tension between stands; and tapered 
tension control for obtaining increased ten- 
sion between stands at the threading speed 
and gradually tapering it to the running 
value as the mill is accelerated to running 
speed. 

Other aids to quality are the use of a 
automatic gage control system followin 
the second and last stands, and screwdow 
follow-up control for the first stand and t! 
last stand if rolling practice requires t! 
raising of screws at the end of each co 

JZB (1a 
Contraction in Gray Iron 


‘““SomME OBSERVATIONS ON CONTRACTION 
IN Grey Cast lron.”” E. Loncpen. Foun- 

dry Trade J., Vol. 62, June 13, 1940, 
pp. 432-434, 438. Original research. 


Little attention has been paid to the 
fect of volume changes on large commerc: 
castings. Arrests in the contraction rate, 
an expansion at critical temperatures, 
generally quite pronounced, and seem to 
traceable to the large amount of carb 
present in cast iron, and its condition. 7 
precipitation of primary graphite on soli 
fication, and secondary graphite at low r 
critical temperatures, will account for « 
pansions. 

According to Turner, phosphorus is re- 
sponsible for an expansion if present in ap- 
preciable quantities. Generally speaking, 
there are 2 distinct arrests in low-phos- 
phorus irons, and 3 in high. The final 
amount of contraction will be influenced by 
the ratio of free carbon to combined carbon 
in the completely-cooled casting. The data 
presented in this paper, however, indicate 
that final contraction and the absence or 
presence of stresses in many types of cast- 
ings are due also to simultaneously oppos- 
ing expansion and contraction influences in 
the same casting. In long castings, mold 
and core resistance will reduce contraction 
and induce stresses. 

A method was devised for ascertaining 
the behavior of large castings during cool- 
ing from the point of solidification to at- 
‘mospheric temperature. The movement of 
the casting is followed by frequent meas- 
urements between fixed points outside the 
mold and rods held by the metal of the 
casting. Where feasible, temperature read- 
ings are correlated with volume changes. 

Tests made on castings up to 47 ft. long 
showed that thick sections contract more 
than thin in castings where thick and thin 
sections are linked in such proximity as to 
be affected by mutual influences. If, how- 
ever, the same contrasting sections are cast 
as simple, uniform and separate units, con- 
traction follows expectations—that a thin 


ALLOYS 


METALS 


AND 





ww 











| 
| 
| 


| 
| 


ERACTORIES by Carborundum have , 


R 
solved many of the heat treating and pn 
oblems of the metal industry: “a. 
5s to which they have bees Fh 
us for complete listing, 
zless steel 


heating pr 


The many 
oo numero 


use 
put are t 
but these af Stai 


e representative : 


furnaces ., For ane 
Iting Furnaces ++" Tungste 
heat treating 4 nd production 
furnaces <8 atmosphere furnaces for 
alloy steels. +° furnace arches and 
. Drawing, hardening 
e actories by 


1 Non- 


annealing 
Cc 
n and 


walls . - 
and carburizing 


Carbc 
costs, SP 


the quality of 


sentatives wi 


tic 


Distr 

Pistribater® ’ 
i y ny Utah; Pacific 
. Company, ! Clay Co 


as; Smith Sharpe Company, 











PERTH AMBC 


section of gray iron will contract more than 
a thicker section of the same analysis be- 
cause of the more rapid freezing of the 
lighter section and the effect of this more 
rapid cooling on the grain size and graphite 
formation. 

A probable explanation is that, in the case 
of a one-piece casting the thin sections dur- 
ing freezing and cooling are subjected to 
an extensional stress created by the resist- 
ance of the thicker sections, which are not 
ready to contract.- The frictional resistance 
of the mold and cores, and the expansion 
of cores on being heated up by the molten 
metal, will also tend to subject the cooling 
metal to extensional stress. 

Again, a study of the very clear arrest 
and expansion periods noted on the cooling 
curves (especially for the heavy and large 
boring bars) indicates that a thick section 


Special 








may be undergoing an expansion at a time 
that a thinner section has passed its expan- 
sion period and is contracting. Under these 
conditions the thin section will suffer ex- 
tensional stress. Conversely, the thicker sec- 
tions will be subjected to a compressional 
stress by the effort of the earlier cooled 
members to contract. Finally, the heavy sec- 
tions on cooling assume a shorter length by 
bending certain sections of the casting, or 
by fracture in the weakened or most highly 
stressed sections. AIK (1a) 
Molding Sand for Cast Iron 
A Composite 

The need for systematic and intelligent 
sand testing and control as an adjunct to 
the production of high quality gray and 
malleable iron castings is forcefully demon- 
strated by a group of papers presented at 





High Grade 


99.997. ZING 


To producers and users of zinc die castings, we 
say simply this: Specify Anaconda Electric, for you 
may be sure that every slab is of uniform high 
purity. Electrolytic refining does it. sone 


Shipping Point: Great Falls or Anaconda, Montana 


ANACONDA SALES COMPANY 


25 Broadway, New York 
Subsidiary of Anaconda Copper Mining Compan) 
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the recent annual meeting of the American 
Foundrymen’s Assoc. The effect of sand 
quality and practice on the preperties of 
the finished iron is so direct as to be sus- 
ceptible of classification. 

Thus H. W. Drerert & E. E. Woopuirr 
(‘Sand Affects Physical Properties of Gray 
Iron,” Amer. Foundrymen’s Assoc., 1940 
Preprint No. 40-9) studied the effects of 
moisture and permeability on various prop- 
erties of a gray iron. They found that 
fluidity, feeding, transverse strength and 
deflection value of the iron are reduced 
with excess moisture in the sand. At the 
same time fracture is finer, graphite is re. 
fined, steadite areas are reduced in size 
ferrite areas are increased in size, and por- 
osity and chill are increased. 

With increased permeability, fluidity is 
reduced, fracture is finer and of lighter 
color, graphite is refined, and the size of 
steadite areas is reduced. The pearlite areas 
are more completely developed in low- 
permeability sands and less completely de- 
veloped, with larger areas of ferrite, with 
high permeability. Moisture has a greater 
influence on the properties of the gray iron 
than permeability, although the latter does 
exert a noticeable effect. 

A progress report of some work on syn- 
thetic sand mixtures for gray iron castings 
is presented by FuLTON Ho.tsy & H. F. 
ScosBiE (‘‘Recent Experiments with Gray 
Iron Synthetic Molding Sands,” [did., | 
print No. 40-11). So-called “‘steel sand 
fines,” which include the sand and other 
materials removed from the sand used in a 
steel foundry, can be used as low-pern 
bility blending sand to control the pro; 
ties of gray iron molding sands of sim 
composition. 

Casting properties, particularly shrink 

and piping, are correlated with mold h 
ness, green compressive strength, permea 
ity, moisture and sea coal by H. L. Wo) 
CHEL & C. C. SiGErFoos (‘Influence of 
Mold on Shrinkage in Ferrous Casting 
Ibid., Preprint No. 40-28) in another pr: : 
ress report. Piping tendencies, inter: :! 
shrinks and sinking of the cope face may »e 
traced to dimensional changes in the m \d 
cavity. High moisture, high green comp 
sive strength, soft ramming and unfavor: 
grain distribution of the sand tend to r 
mote shrinkage defects in gray iron. 
_ Sea coal decreases the amount of piping 
in gray iron poured in green sand. Small 
gray iron castings made in baked core sind 
molds show no shrinkage defects. Stcel 
castings, it is noted, are less susceptible to 
influence of the mold than are gray iron 
castings. 

The old customs of one malleable foundry 
using natural bonded sands were trans- 
formed only with the greatest difficulty to 
something approaching quality operation, 
reports D. F. SAWTELLE (“‘A Sand Control 
Program in a Malleable Foundry,” [b/d., 
Preprint No. 40-23) in an interesting case 
history. The feat was finally accomplished 
after sand testing plainly showed the true 
picture of sand conditions. The paper is 
recommended to all foundrymen who still 
doubt that the installation of sand testing 
equipment can help them to solve many of 
their problems. CMS (1a) 


Gas in Liquid Iron 


“Gas 1n Ligur Cast Iron.”” Wa. Y. 

Bucuanan. Foundry Trade J., Vol. 62, 

June 13, 1940, pp. 439-442, 448. Original 
research. 


The determination of the gas content of 
liquid cast iron is a difficult matter, yet one 
that is very important from the standpoint 
of practice. This was well brought out 
in an earlier article by this author (see 
“Gases and Metals”, METALS AND ALLOYS, 
Vol. 11, Mar. 1940, p. MA 164). 
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In the Pickling Solution 


RODINE 


Keeps the acid from eating good metal. 
Thus it stops waste of both acid and 
metal. It also prevents over-pickling, 
eliminates acid fumes, and reduces acid 
embrittlement. 





One result of these advantages is low- 
ered costs; other results are increased 
tonnage and brighter pickling. 





Give us the particulars of your pickling 
process—the kind of metal, kind of acid 
used, acid concentration, temperature of 
bath. We can then suggest the grade of 
RODINE that will improve your pickling. 


Bulletin on request 


AMERICAN CHEMICAL PAINT CO. 


Dept. 307, AMBLER, PENNA. 
DETROIT, MICH. WALKERVILLE, ONT. 














[ REG TRADE MAR K X 


NEW EXOTHERMIC AGENT FOR 

ALLOYING STEEL AND IRON WITH 

CHROMIUM IN OPEN HEARTH 

OR ELECTRIC FURNACES AND BY 
LADLE ADDITIONS. 





CHROMIUM 


MINING AND SMELTING CORPORATION LTD. 


BANK OF CQMM™MERCE BLDC HAMILTON ONTARIO 
SMELTER SAULT STE. MARIE, ONTARIO 
cr ARP ' A Tf . 5 ; A 
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Why carry stocks of special shapes? 


so 


DO YOUR OWN CASTING FAST 
with J-M FIRECRETE 


OU can make shapes right in your own plant with this 

dependable, hydraulic-setting refractory. Casting is 
simple and rapid, for Firecrete handles as easily as or- 
dinary concrete. It forms shapes that are unusually dura- 
ble, will not shrink or crack, offer high resistance to 
spalling. Ideal for dampers, poured door linings, flues 
and pipes, Firecrete is available in three types: Standard 
Firecrete, H.T. Firecrete and L.W. Firecrete. For details, 
send for brochure D.S. 700. Johns-Manville, 72 East 40th 
Street, New York, N.Y. 


JM, JOHNS-MANVILLE 





B REFRACTORY PRODUCTS 





Available on Phone Call at your Nearest Distributor 


THE SOLUBILITY OF NITROGEN IN 
MOLTEN IRON-SILICON ALLOYS 


For instance: was 
determined by experiments 
made with a small Ajax- 
Northrup High Frequency 
Furnace (Technical paper 


No. 1109, AIME). 


Rates of graphitization, 
formation of cementite, 
carbon content of pearlite, 
vacuum melting, powder 
metallurgy and rock fusion 
are other examples where 
precious laboratory time is 
saved and results otherwise 
impossible obtained. 


Ajax bulletins T-5 and T-6 will give you sugges- 
tions for the profitable use of AJAX FURNACES 
in your laboratory and plant. Ask for them. 








Furnace used in solu- 
bility experiments, 





533 











To avoid evolution of steam and gases 
from the sample ladle of liquid iron, it 
was found necessary to bore holes in its 
shell before putting in the refractory lin- 
ing and drying. The use of a lining wash 
must be avoided. A modification of gas 
analysis burette was found necessary to ac- 
commodate the rapid evolution of gas from 
the molten sample. One rapid increase in 
gas volume occurs near solidification, pos- 
sibly due to the separation of primary 
graphite. 

Thermocouples are perhaps the best 
means of reading temperature changes, al- 
though the optical pyrometer is easier to 
handle. A gas analysis apparatus capable 
of analyzing small volumes (10 ml.) is re- 
quired and a suitable design is illustrated 
and described in detail. A number of data 


on lbs. of water per hr. chargeable to at- 
mospheric moisture in the air blast and 
notes and references on methods and re- 
sults of dry blast are given. 

A series of tests on gas volume and com- 
position with normal changes in atmospher- 
ic conditions led to the conclusion that 
normal variations of furnace condition 
throughout the blow have more influence 
on the gas composition than does the mois- 
ture content of the blast itself. Also, there 
is no definite relationship shown between 
the total volume or maximum rate of evo- 
lution of gas from liquid cast iron and 
the moisture of the blast. 

In spite of these conclusions it was felt 
advisable to introduce water directly into 
the blast. This test showed an increase in 
hydrogen content due to introduction of the 


THESE 4, LINDBERG FURNACES 
HELP TO RE-ARM THE NATION 





A-25 Brick 
were used directly ez- 
posed in these four Lind- 
Photos 
show rotary hearth fur- 


irmstrong s 


berg Furnaces. 


nace and three Cyclone 
draw furnaces, which 
operate at approximately 
1250 to 1300 degrees r. 























... and Armstrong’s Insulating Fire Brick 


help them operate with high efficiency 


N three leading aircraft plants and an 

important shipyard these furnaces, 
made by the Lindberg Engineering Com- 
pany, Chicago, operate safely and efficiently 
with the help of Armstrong’s A-25 Brick. 
A-25 is one of five types of Armstrong’s 
Insulating Fire Brick widely used in high 
temperature equipment. These brick cut 
fuel costs, aid accurate temperature con- 
trol, provide more uniform heating con- 


ditions, and effectively speed production. 

Replacement costs are lower, too, when 
Armstrong’s Brick are used, due to their 
greater spalling resistance, high crushing 
and breaking strength, and ample refrac- 
toriness. Write for facts and literature on 
Armstrong’s complete high tem- 
perature line. Armstrong Cork 
Co., Building Materials Division, 
982 Concord St., Lancaster, Pa. 





Armstrong's 


HIGH TEMPERATURE 
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water and an increase in the rate of evo- 
lution of from 32 ml./min. before water 
introduction to 90 ml. with water intro- 
duced. Similar results were found on an- 
other cupola. 

The addition of 4% of steel turnings 
to liquid cast iron causes an insignificant 
temperature drop and effects a definite re- 
duction in gas content. Tests were under- 
taken to determine the effects of dissolved 
gases on foundry shrinkage cavities or lo- 
calized porosity. These indicated that the 
tendency toward foundry shrinkage cavities 
is mot increased by degasification. Also, 
dissolved gas does not in any way influ- 
ence porosity in foundry shrinkage defects. 

The actual composition of gases evolved 
from liquid cast iron varies over a wide 
range, as shown by the following table: 

CO2—nil to 5.2% 
O:—0.1 to 0.9 

CO—5.7 to 23.1 
H2—6.7 to 20.0 
N2—59.2 to 80.1 

CHi—nil to 2.3 

[In view of recent American work on the 
influence of gases on graphitization, the 
findings of Buchanan on gases in liquid 
irons are highly suggestive. Direct corre- 
lations have not been sought by investi- 
gators, and the need for such research is 
implied.—J.W .B.] AIK + JWB (1a) 


Forging Tool Steel 


“How To Force Toor Steer.” Apam M. 

STEEVER (Columbia Tool Steel Co.) Jron 

Age, Vol. 146, July 25, 1940, pp. 21-27. 
Practical. 


The mechanical working involved in for, 
ing tool steels is essential to break up th 
large crystals of the ingot, refine the cas 
ing structure and produce proper grain si: 
and homogeneity. Forging causes plast 
flow in the heated metal but during t! 
operation the metal is continually coolin 
and this retards its ability to flow—hen 
the time available for the operation is det 
nitely limited. 

The principle of the forging hammer 
that of an instantaneous application 
force to a small area governed by the si 
of the dies and the section of the met 
being forged. The increased density of t! 
metal due to working and its frictior 
against the dies retard its ability to flow 
Strains set up in the metal are compressiv 
and are directed chiefly vertically below th 
hammered area; a small portion of the blow 
is transmitted in horizontal directions. Th 
suddenness of the blow tends to localize re 
finement of structure to the exterior, but it 
the work is rotated between blows, meta! 
flow is continuous and almost entirely in a 
longitudinal direction. 

In forging tool steel there are 4 principal 
steps—heating for forging, ingot cogging, 
surface conditioning of the billet, and fin- 
ish-forging. The heating method and condi 
tions are critical. 

Generally speaking, heating rate has 
been much too slow. The use of gas for 
fuel and positive pressure blowers with full 
pyrometer control have aided in the produc- 
tion of more uniform and better-surfaced 
material at much higher speeds than for- 
merly. Overshooting of maximum tempera- 
tures, especially with incorrect atmos- 
pheres, can result in overheated or “burned” 
steel. Time at maximum temperature 
should be limited chiefly to avoid surface 
decomposition. 

Because of their high carbon content, tool 
steels are subject to rapid decarburization 
at the high temperatures used for forging. 
To lessen this condition, ingots, bars or 
billets are preheated before charging into 
the forging furnace. The atmosphere in the 
latter is also of great importance, and 
should be slightly oxidizing; an atmosphere 
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A mile of grooved section is too high a price to pay 
for “working in” a set of guides. Yet until now, there 
has been no single machine on which guides of all 
styles and sizes could be accurately ground. 

The Morgan Construction Company has developed 
a new Guide Grinder to meet every requirement of 
this important job. It will handle guides of all types 
and sizes required in a rod mill. Its manual and auto- 
matic controls provide for every adjustment—up, down, 
backward, forward, for straight or twist guides. It is 
compact and self-contained—can be set anywhere. 

Here is an investment in equipment that will be 
worth miles of rod saved to you, in improved quality 
of finished section. 


MORGAN CONSTRUCTION COMPANY 
WORCESTER, MASSACHUSETTS, U. S. A. 
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LET |VISGKANNIREMOVE THE LAGS 
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The upper photographs show the operator mak- 
ing adjustments for grinding a twist guide, also 
details of cradle mounting with splash guard 


removed. Below is shown a view from the rear 
of the machine. 
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containing 11% carbon dioxide and 1% 
oxygen is recommended. 

High speed steels, tungsten hot-work 
steels, high-carbon high-chromium steels, 
etc.—all of a segregated, coarse columnar 
ingot structure—are hammer-cogged as soon 
as cast. Stripped from the molds at about 
1700" F. the tapered ingots are immedi- 
ately charged into a reheating furnace at 
the same temperature, then given a series of 
light hammer blows while moved in short 
steps over the dies. Reheating and more 
severe hammering are continued until the 
right cross-section is reached. Corner cracks 
are removed with a gouge. 

For carbon and low alloy steels no spe- 
cial care in cogging is required. These can 
be charged into a preheating furnace at 
1400° F., soaked, then (in the same fur- 


A modern residence containing many applications of lead. Right- 
@ lead service pipe laid in Rome more than 1,800 years ago, and 


still im perfect condition. 


nace) heated to forging temperature in 400° 
F. steps, with about 1 hr. at forging tem- 
perature. Some high-alloy types must be 
annealed in billet form to avoid grinding 
cracks. VSP (1a) 


1b. Non-Ferrous 
Bronze and Red Brass Castings 


““MELTING AND Pourtnc Sanp Cast 
Bronzes, Rep AND Semi-Rep BRAssEs. 
TENTATIVE RECOMMENDED PRACTICE OF 
THE Non-Ferrous Division or A. F. 
A.” Can. Metals & Met. Inds., Vol. 3, 
Aug. 1940, pp. 206-207. Report. 


In general, the metal should be melted 
as rapidly as possible, since the absorption 
of gas by the metal and the oxidation of 





the metal are both a function of time and 
temperature. The harmful effects of gas 


+ 
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For Economy in Maintenance... USE LEAD 


This modern Connecticut residence contains 
lead plumbing, lead flashing, lead gutters, 
spouts and drains, a lead chimney cap, lead 
service pipe underground and ornamental 
lead lighting fixtures. Finally, the entire house, 
inside and out, is painted with pure white lead 
paint. These applications of lead are typical 
in building. Back of them is, first of all, the 
remarkably high durability of lead, which is 
greater than that of any other common metal. 
This is exemplified by the remarkable pres- 
ervation of the 1,800-year-old lead service pipe 
shown above. Other desirable characteristics 
are its malleability, comparatively low melt- 
ing point and excellent corrosion resistance. 


In the use of lead for building purposes, the 
brands sold by the St. Joseph Lead Company, 
all virgin metal, have established a standard 
for unvarying quality. For the production of 
white lead paint, DOE RUN and BUNKER 
HILL corroding lead are extensively used. In 
the manufacture of solder or caulking of pipe 
joints, where a soft desilvered lead is required, 
HERCULANEUM is specified. The copper 
content (.06 to .07) of ST. JOE CHEMICAL 
LEAD makes it the ideal lead for use in 
plumbing by decreasing corrosion attack and 
imparting to pipe greater tensile strength and 
resistance to deformation. 


ST. JOSEPH LEAD COMPANY 


250 PARK AVENUE - NEW YORK 
ELdorado 5-3200 
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absorption may be corrected by allowing 
the metal to solidify and remelting under 
correct furnace conditions, as the gas ab. 
sorbed during melting tends to be liber- 
ated upon solidification of the metal. A 
slightly oxidizing flame or furnace atmos- 
phere is desirable. 

In crucible melting, the use of oil and 
gas facilitates faster melting and better con- 
trol over melting conditions. A charcoal 
covering is recommended when natural draft 
is used. A flux of the glass type is helpful 
in collecting the drosses if the metal is 
dirty or a large percentage of borings is 
used. The flux is used when forced draft is 
employed. If a certain percentage of foun- 
dry scrap is used in the melt, it should be 
charged into the furnace first. Zinc should 
be added to replace that burnt out during 
melting. 

For deoxidation an alloy of copper with 
10-15% P is generally used. Normally 1 oz. 
of 15% phosphor-copper per 100 Ibs. of 
metal is sufficient. Additions of deoxidizers 
are best made in the ladle or crucible after 
any slag or dross has been skimmed off: the 
metal should then be stirred well. The best 
pouring temperature for these alloys is 
closer to the high limit than to the low 
limit of the range that gives sound castings. 

WHB (1b) 


Producing Aluminum Alloy Wire 


“Tue ROLLING AND DRAWING OF Wir! 

FROM ALLOYS OF THE 24S Type.” A. T. 

BuNpDIN. Aluminium & WNon-Ferrous 

Rev., Vol. 5, Mar. 1940, pp. 21-26 (to 

be cont’d.); translated from Metallurg, 

No. 2, 1939, pp. 98-109. Original 
research, 


In manufacturing the 24ST alloy (4. 
Cu, 1.5 Mg, 0.6 Mn, remainder alumim 
a melting temperature of 1400°-1420 
was used. This was maintained for 60 
min., and the magnesium was added a! 
removal of the crucible. Powdered 
chloride (ZnCl:) was used for refin: 
The alloy was poured at 1275°-1325 
into cast iron molds inclined, at the st 
at an angle of 70-80°. 

The alloy was extruded at 720°-790 
A splitting at the ends was observed g 
frequently on extruding and rolling. 0 
homogenizing treatment at 915°-930° F. 
was applied for 10-20 hrs. in some cascs. 
The extruded bars were hot rolled, but the 
deformation applied (41%) was too severe 
for the 24S alloy (regular Duralumin 
could be rolled in this manner). A mill 
was used, therefore, that provided less 
rigorous deformations—a reduction from 
3.35 in. diam. to 1.5 in. square in 18 
passes. This was followed by a finishing 
rod mill, finishing the rod to 0.283 in. 
diam. in 11 passes. 

Although this method was satisfactory, 
it was not very economical, and an alterna- 
tive method was used, consisting of ex- 
truding to smaller diameters (1.8-2.0 in.) 
and then rolling down in 14-17 passes. 
There, too, the output was low, so a third 
schedule comprising extrusion to 1.8-2.0 in., 
heat treatment, and rolling to 0.28 in. m 
-a rod mill was investigated. The best tem- 
perature for rod mill operation was 660°- 
720° F. In the finishing passes the high 
deformation at great speed creates heat 
which compensates for heat losses. 

Before wire drawing, an annealing treat- 
ment at 660° F. should be applied, prefer- 
ably in an electric convected-air furnace. 
duplex anneal at 800° F. for 4 hrs. and 
500° F. for 3 more hrs. yielded better 
elongation values (up to 14.3%). An oil- 
fired furnace was also successfully used. 


Some aging was noticeable after 62 hrs. 
RPS (ib) 
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BRIGHT ANNEALING, W. S. ROCKWELL CO. 


ANNEAL Nes = 


The satisfactory performance of annealing furnaces depends on close 

regulation and a steady air supply. Here heating and cooling rates may 

be as important as actual processing temperatures in their effect on 

p oduct uniformity, so that a smooth, staight-line-controllable air supply 
ssential to a quality job. Bright- annealing with the products of com- 
stion as the protective atmosphere can obviously be successful only 
+h a completely dependable combustion-air supply. 

Spencer Turbo-Compressors inherently deliver a constant pressure 

oughout the range of each machine. No automatic control device is 

necessary. Air delivery is smooth, continuous, clean and dry. 

Your equipment manufacturer will tell you a dozen other reasons 
ny Spencer Turbos are the accepted standard for gas and oil-fired 
juipment, 

ASK HIM FOR THE SPENCER TURBO BULLETINS 


TINUOUS SEMI- BRIGHT Mt tral , R-S PRODUCTS CORPORATION 
































SEE SPENCER AT THE NATIONAL METAL EXPOSITION BOOTH No. H-23 


SPENCER TURBO COMPRESSOR: 


HARTFORI th 35 TO 20,000 CU. FT. 3 TO 300 H.P. 8 OZ.TO 5 LBS 
THE SPENCER TURBINE COMPANY + HARTFORD, CONNECTICU 
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Drop and Hammer Forging, Drawing, Extruding, 

Stam ping and Machining. A ge-Hardening, Anneal- 

ing, Carburizing, Hardening, Malleableizing, Nitrid- 

ing, Surface-Hardening and Tempering. Heatin 

Furnaces, Refractortes, Fuels and Auxiliaries. Wela- 

ing, Flame-Cutting, nese | Brazing, Solder- 
in 


ing and Riveting, Cleaning, Pic 


g, Electroplating, 


Galvanizing, Metallizing, Coloring and Non-Metallic 


Finishing. 


Carbide Cutting Tools 
A Composite 


The increased use of cemented carbide 
cutting tools as a likely method of enlarg- 
ing our effective machine-tool capacity in 
the face of defense program requirements 
has been discussed in previous issues of 
this magazine (August, p. 175: September, 
p. 304). Such an extension of application 
can be of major significance in the first 
place only by virtue of the development in 
recent years of cemented tungsten carbide 
mixtures capable of cutting steels. This 
extension of applicability beyond the field 
of the softer materials—cast iron, brass, 
bronze, etc.—has made the carbide tool 
materials available for ‘‘general-purpose’’ 
machining and thereby of maximum value 
to general armament and machinery pro- 
duction. 

Thus, Warner & Swasey Co. and the 
Bullard Co. (among others) successfully 
employ standard carbide tools as general- 
purpose tools throughout their plants, re- 
ports W. G. Rossins of Carboloy Co. 
(“Cemented Carbides’”’, Tool Engr., Vol. 9, 
July 1940, pp. 16-18, 20, 22, 52) in an 
interesting contribution to a symposium on 
cutting tool materials. General-purpose ap- 
plication in these cases stems from the use 
of standard tools ground to fit the job. 
The one-time impracticability of regrinding 
carbide tools no longer exists, and they can 
now be reground to a given shape from 
existing standards in the same way as are 
stellite or high speed steel tools. 
Steel-Cutting Carbides 

The steel-cutting carbides are, generally 
speaking, tungsten carbides with which 
have been mixed selected amounts of 
tantalum carbide or titanium carbide to 
achieve characteristics not provided by 
straight tungsten carbide. [The manufac- 
turer of “Kennametal’’, a recently-developed 
steel-cutting carbide tool material, claims 
that bis basic material is actually the com- 
peund tungsten-titanium carbide (WTiCe) 
rather than a mixture of carbides, and that 
it has a characteristic crystallography and 
a higher hardness than carbide mixtures.— 
F.P.P.| The trend in the carbide-producing 
industry is toward simplification of grades, 
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since 4 grades do about 85-90% of all the 
work that is done. 

A great many “multiple-point’’ tools are 
being made with carbides at a total cost 
that is less than those made with other cut- 
ting materials. The carbide ‘content’ of 
such tools is very low, the governing factor 
in their cost being the labor in making 
the tool; reamers, taps, broaches,. milling 
cutters and burnishing tools are now made 
with carbides. 

The greater use of carbide tools for cut- 
ting steels in Germany and England than 
in this country is not because of new or 
different carbides over there, but because of 
fundamental differences in the way in 
which the tools are made and used. Thus, 
production work in this country is multiple- 
tooled, while in Germany, for example, 
single tools are used generally, and the 
tools are larger in cross-sectional shank 
size. Nevertheless, at present 5-7 times as 
much carbide is being used for steel cut- 
ting in this country as 2 yrs. ago. 

In using carbides for cutting steel, the 
horse power of the machine must be ade- 

uate since the tools must run faster. Tool 
die is important but now well standard- 
ized. Chip room in the machine is a real 
problem, and suitable chip breakers are re- 
quired. The most satisfactory method of 
chip breaking is to grind the chip breaker 
in the tools (preferably to prind an angle 
obliquely across the front of the tool). 
General-Purpose Carbide Systems 

Evidence of 25% savings over high speed 
steel tools by the adoption of general-pur- 

se carbide tools in his plant is offered 
™ F. S. BLACKALL, Jr. of Taft-Peirce Mfg. 
Co. (“Carbide Tools for Machining Small 
Lots”, Steel, Vol. 107, July 29, 1940, pp. 
54-56). The carbide tools are used eco- 
nomically on the smallest lots and even on 
single-piece jobs. 

A “4-point plan’ was adopted involving 
(1) the appointment of a “carbide applica- 
tion” man in full charge of the application, 
grinding and maintenance of carbide tools 
in all departments, (2) adoption of a mini- 
mum number of general-purpose carbide 
tool designs, (3) selection of a minimum 
number of general-purpose carbide grades, 
and (4) provision of adequate facilities 





for grinding carbide tools. To date car- 
bide tools have been applied to 30% of 
this company’s cast iron, aluminum, bronze 
and brass jobs and to 20% of the steel 
jobs. 

The special importance of the first point 
of the foregoing plan—a system of central- 
ized control of carbide practice—is em- 
phasized by J. R. LONGWELL of Carboloy 
Co. (The General-Purpose Use of Car- 
bide Tools, I, Modern Machine Shop, Vol. 
13, Aug. 1940, pp. 68-70). Thus, Warner 
and Swasey Co. attributes much of the 
success of its broad use of carbides (1500 
jobs have been tooled up with Carboloy in 
this shop, with effective machine capacity 
increase 43% thereby) to the early estab- 
lishment of a unified carbide control sys- 
tem. FPP (2) 


Forming Aircraft Sheet 
A Composite 


The aircraft industry is now scrutinizing 
minutely every operation that can have a 
possible bearing on its attainment of rapid- 
production schedules. Notable improve- 
ments to date in one of the most important 
of the aircraft metallurgical engineering 
operations — sheet metal forming — have 
stemmed from developments in die mate 
rials and design. 

The Guerin process as used at the Doug 
las plant is described in WESTERN MACcii 
& STEEL Worip (“Cutting and Formin; 
Sheet Metal Parts in Hydraulic Presses, 
Vol. 31, Aug. 1940, pp. 300-301). Thi 
process is a method for cutting and forming 
Sheet materials with the use of only 
single die in combination with a thick fla 
pad of resilient material, like rubber. Th: 
cutting blocks are usually 5/16 in. thick 
The form blocks need be of metal only whe: 
hot forming or when high production is in 
volved; Masonite and Pregwood are wid« 
ly used. If metal blocks are necessary, the 
can be torch-cut from steel, sawed fro: 
aluminum or magnesium plate, or fabr 
cated from cast zinc, Kirksite (a zinc a! 
loy), scrap aluminum or magnesium 

The process is especially suitable for ligh: 
metal sheet, as well as for light-gage stain 
less. If deep drawing is required, it can h 
done by progressive operations. Usuali; 
25 sets of parts will warrant tooling up b\ 
this process. The uniform pressure applic 
through the resilient pad is said to elim 
inate local distortion and reduce to a mini 
mum cold working of the metal; further- 
more, the pad protects the finish of th« 
metal being formed. 

Zinc alloy dies are almost universally 
used for forming light gage sheet, but ac- 
cording to D. J. G. Rowe (“How Bis- 
muth Alloys May Be Used for Sheet Form- 
ing Dies,’ Sheet Metal Ind., Vol. 14, June 
1940, pp. 639-640, 647), zinc has certain 
difficulties. A foundry with skilled work- 
men is required for producing zinc alloy 
dies and reclaiming used dies; also, special 
allowance must be made for shrinkage and 
warpage. Bismuth alloys, on the other 
hand, can be cast at low temperatures, no 
warpage is encountered, and the expansion 
on solidification results in castings of the 
exact size required. 

Cerromatrix alloy [48% Bi, 14.5 Sn, 
28.5 Pb, 9 Sb] is usually employed for the 
die, and the softer Cerrobase [58% Bi, 42 
Pb} or Cerrobend [modified Wood's met- 
al} for the punch. The die can be cast 
against a plaster or wooden model of the 

unch; the die is then coated with lamp 
Black or paper and used as the mold for 
casting the punch. 

The life of bismuth alloy dies is some- 
what shorter than that of zinc alloy dies. 
However, steel or brass inserts may easily 
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"AMERICAN" 
INDUSTRIAL FURNACES 





for Maximum Efficiency 


For twenty years the American Electric Furnace Com- 
pany has been a pioneer in the design and manufacture 
of industrial furnaces that have. been shipped to all 


parts of the world. 


We have solved many difficult problems and are con- 
tinually. solving others as the demands of industry pre- 


a 
sent them. 


We may be able to serve you ... at substantial sav- 
ings: Why not write us today and take advantage 


of our experience? 
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We Manufacture 
Furnaces For 

Air Tempering 
Air Superheating 
Annealing 
Aluminum Melting 
Babbitt Melting 
Brass Holding 
Brazing 
Bright Annealing 
Carburizing 
Continuous Process 
Cyaniding 
Drawing 
Enameling 
Forging 
High Speed Hardening 
Lead Hardening 
Lead Melting 
Nitriding 
Normalizing 
Oil Tempering 
Preheating 
Salt Drawing 
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be embedded in the bismuth at points where 
the wear is most pronounced. In spite of 
the higher initial cost of the bismuth, the 
die cost over a long period of time may be 
lower than that when zinc is used because 
of the amount of zinc lost as dross at each 
remelting. JZB (2) 


Extrusion of Metal Powders 


“EXTRUSION OF Metat PowpEers—A 

SurRvEY OF Some Recent PatTeEnts’’. 

W. D. Jones. Metal Industry, London, 

Vol. 57, July 12, 1940, pp. 27-30. 
Review. 

The recent announcement by Carboloy 
Co. that sintered carbide products are be- 
ing manufactured by extruding powder into 
tubing, bars, etc., of various lengths fo- 
cusses attention on the attractive possibili- 


ties offered by this method. Most articles 
made from powders require initial press- 
ing in dies, and the size of such products 
is limited by available pressures. By ex- 
trusion it is possible to manufacture sin- 
tered shapes in sizes and lengths not 
hitherto obtainable. 

In the design of an extrusion apparatus 
(several patents on such equipment are 
described) provision must be made for the 
insertion of the powder at some point, and 
this involves feed hoppers and feed de- 
vices to assure smooth passage of the pow- 
der. Feed pressure should be exerted in all 
directions simultaneously and feeding de- 
vices must be of the ‘“‘non-return” type. 

High frictional forces present in the ex- 
trusion of solid metals are not absent in the 
case of powders. This limits the ratio of 
the diameter and the applied stroke to a 
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ENWORT 


The first to build ATMOSPHERE furnaces in America 





Bright annealing furnace for wire, stampings, etc. 





We also build wet type annealers forging, annealing, and 
immersion furnaces of stationary or continuous type con- 


struction. 


Stress annealing furaces oil—gas—electric. 





Charles F. Kenworthy, Inc. 


Waterbury, Conn. 
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small figure. The addition of lubricants to 
the powder is helpful in reducing die wear 
and will permit a greater reduction in 
diameter in one extrusion operation than 
otherwise. Generally speaking, although 
the semi-compacted mass is more plastic at 
high temperatures, practical considerations 
make cold extrusion more attractive than 
hot. 

If sintering is simultaneous with extru- 
sion, the provision of a reducing atmos- 
phere is essential but difficult, although 
the use of metallic hydrides might be of 
value in this respect. The sintering of a 
cold-extruded shape is usually done by 
direct passage of electric current through 
the piece, according to most patents. 

One useful design (U. S. Patent 2,097,- 
502) involves a_ vertically-disposed die 
with powder falling into the die set 
through one or more apertures directly on 
the faces of the ram. Thus the quantity 
of powder admitted per stroke is under 
some control, yet there is no possibility of 
the powder being pushed back into the 
feeding device during compression. In 
manufacturing tubes by this process the 
ram can be serrated so that a keying sur- 
face is provided to strengthen the bond be- 
tween the two separately pressed sections. 


FPP (2) 
Electric Salt Baths 
A Composite 
The electric salt bath will doubtles 


never succeed in banishing the messy ex 
ternally-fired salt pot from the metallurgica 
engineering scene, but it has made and wi! 
continue to make impressive inroads. Ele 
trically heated salt baths (together with 
ternally-heated fuel-fired units) cost m 
than the old type of salt pot but pot lif. 
longer, salt consumption is less and—m 
important, perhaps—heating is much m 
uniform and controllable with consequer 
better quality of work heated in the nev 
type of furnace. 

The increased use of age-hardening 
loys, particularly in the booming air: 
industry has expanded the use of ele 
salt baths, since most new modern 
treating units are electric whereas many of 
the old type salt pots continue in use soi ly 
because of the investment still tied up in 
them. Of course, salt baths are not the 
only means of carburizing, cyaniding, hard- 
ening, tempering, age-hardening, annealing, 
brazing, etc. so that for every new installa- 
tion they must compete with carburizing 
compounds or gas-atmosphere furnaces of 
one kind or another. In this ever-brisker 
competition the modern salt-bath units are 
at least ‘getting their share.” 


Case Hardening 


An extensive discussion of salt-bath case 
hardening methods as used in England is 
presented by F. D. WarTerFALt (‘Case 
Hardening in Liquid Baths,’ Iron Age, 
Vol. 145, June 27, 1940, pp. 27-31; Vol. 
146, July 4, 1940, pp. 32-35). This dis- 
cussion (applicable to fuel-fired as well as 
electric baths) is concerned chiefly with 
Salts, structures, and procedures. In gen- 
eral, the trend has been toward higher 
temperatures and stronger cyanide baths, 
with the bath surface covered with cat- 
bonaceous material to prevent excessive 
fuming and waste of cyanide. 

Cyanide baths usually contain 40-50% 
sodium cyanide, and temperatures are Of- 
dinarily between 1650° and 1750° F. The 
use of a carbonaceous covering also in- 
creases the ratio of carbon to nitrogen in 
the case. In England the opinion is that 
a cyanide case is less brittle than a case 
of similar depth produced by pack harden- 
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This year the Metal Show 
is doubly important to you, for it serves 
not only as an exposition of industrial 
development, but it also is the meeting 
place for men with big things to do— 


and problems. 


Among the many “big things to do” in 
the near future is the fabrication of a vast 
quantity of stainless steel and alloy equip- 
ment requiring welding that must be right 
the first time. And the Arcos Booth at the 


Show will be the center of discussion on 


THERE'S AN ARCOS STAINLESS ELECTRODE 
for every WELDABLE STAINLESS STEEL! 
CHROME NICKEL STRAIGHT CHROMIUM 















18/8 18/8 Si. 2% Cr.-Mo. 16% Cr. 
8/18 25/12 4-6% Mo. 18% Cr. 
28/3 Mo. 25/12 Ch. 12% Cr. 28% Cr. 
29/9 25/20 Arcos carries 28 analyses in 
19/9 17/25 stock; chrome-nickels; straight 
19/9 Ch. 15/35 chromes; chrome-molys; bronzes; 


nickels; aluminum. Special anal- 
15/85 yses on order. 
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“QUALITY WELD METAL EASILY DEPOSITED”? 


AT BOOTH C-27 
CLEVELAND—OCTOBER 21-25 


""R. D."” THOMAS, President 

HAROLD EWERTZ, Sales Manager 
DAVE THOMAS, Metallurgica! Engineer 
BILL OSTROM, Welding Technician 





These men are competent fo discuss both 
the technical and the practical problems 
of the welding of stainless. Their know!l- 
edge is backed by ten years of experience 
in the manufacture and use of stainless 
and special alloy electrodes. 


g STAINES tot 
Se There’s Work to be Done 


stainless welding problems which confront 


both technical and practical men. 


If welding stainless steel or welding high 
test special alloys which are not stainless, 
is in your line, stop in and talk with the 
men of Arcos—We’'re not featuring any 
spectacular fandangles; we’ve got our shirt 
sleeves rolled up for the work to be done— 
“right the first time” welding of stainless. 


M4 
Hacos CORPORATION 


Dept. A, 401 N. Broad St. 
Philadelphia, Pa. 
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ing, and tests show at least that cyanide 
cases are neither harder nor more brittle 
than pack-hardened surfaces. 

The heating of parts made of oil-hard- 
ened alloy steels in cyanide baths to im- 
prove their wear resistance is widespread. 
Tests show that S.A.E. 5440 and 3250, 
for example, treated in 40-45% cyanide 
at 1560° and 1650° F. and then oil- 
quenched, closely approach the maximum 
surface hardness after 20 min. at 1560 
F., with case depth about 0.009 in. 

An interesting electric salt bath installa- 
tion and practice for carburizing compres- 
sor parts is described by H. H. WuiITTING- 
HAM of Norge Div., Borg-Warner Corp. 
(‘Small Parts Carburized in Melted Salt,” 
Metal Progress, Vol. 36, Sept. 1939, pp 
264-266). The furnaces are of the Ajax- 
Hultgren type, in which the heat is gen 
erated directly within the salt by electric 
currents passing between groups of im- 
mersed electrodes, which keep the molten 
salt automatically in constant circulation. 
Two batteries of 2 furnaces each are em- 
ployed. 

The practice at this shop comprises car- 
burizing the parts in salt at 1650° F. for 
4 brs. in a large furnace, then transferring 
to a smaller salt bath furnace at 1450° F., 
allowing them to cool to that temperature, 
and then quenching in oil. In this way 
case and core properties are satisfactory 
and distortion is much less than if the parts 
were quenched directly into oil from the 
carburizing temperature. 

The carburizing bath temperatures are 
controlled to within 2° F. of the desired 
temperature. After 4 hrs. at 1650° the 
work (S.A.E. 4620 forgings and parts from 
bar stock) develops a 0.035 to 0.040-in. 
case. The carburizing bath, a standard 


ELECTROLOY COMPANY 


546 


grade of commercial activated cyanide, con- 
tains 20-25% sodium cyanide, with a car- 
bonaceous layer on its surface. The core 
has a hardness of 61-63 Rockwell C, with 
remarkable uniformity throughout each 
piece and from piece to piece. The aver- 
age production of each battery of furnaces 
is 320 lbs. of small parts/hr., with power 
consumption about 20 kw-hr./100 Ibs. of 
work treated. 


Annealing Copper Alloys 

Another Ajax-Hultgren installation, used 
in this case for solution-annealing of age- 
hardenable copper alloys is described by 
W. F. AYLARD « E. J. DUNN of Chase 
Brass & Copper Co. (“Electric Salt Bath,’ 
Steel, Vol. 107, July 8, 1940, pp. 70, 72- 
73.) The unit consists of a_ rectangular 
tank 12.5 ft. long, 2.5 ft. wide and 1.5 ft. 
deep (inside). 

The bath employed is chiefly a mixture 
of chlorides that has suitable electrical 
properties; minimum attack on electrodes, 
tank, copper alloys being heated and 
handling equipment; minimum loss at high 
temperatures, suitable fluidity at operating 
temperatures; and resistance to contamina- 
tion. A Ye-in. thick graphite blanket covers 
the surface. There are 6 pairs of electrodes 
located along one side of the tank; elec- 
trodes are of cast 28% Cr steel and are 
in. square. They have a life of about 
months at constant service. 

Although the cost of this unit is high, 
it is easily justified by certain important 
metallurgical advantages. When the solu- 
tion treatment, for example, is done at 
1700°-1825° F. in ordinary fuel-fired fur- 
naces, oxidation penetrates into the struc- 
ture, and since the alloying elements are 
usually preferentially oxidized, response to 
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age-hardening of the layer near the surface 
is seriously reduced. This is not the case 
with salt bath treatment. [Neither, it 
seems, would it be the case in a furnace 
with a non-oxidizing gas atmosphere.—F P. 
P.} In addition, uniformity is excellent, 
and temperatures near the melting point 
can be reached in this salt bath furnace 
without the danger of overheating encoun- 
tered in fuel-fired furnaces. 


Heating Aluminum Aircraft Alloys 


The practice of Fairchild Aircraft, Ltd. 
in heat treating aluminum alloys in electric 
salt bath furnaces is described in Canadian 
Metals & Met. Inds., Vol. 3, July 1940, 
pp. 181-182. The alloys treated are 17 ST 
and 24 ST, both containing 96-97% Al 
with magnesium and copper. Received in 
the age-hardened state, they are heated in 
the furnace described at 920°-930° F. and 
quenched before forming and final age- 
hardening. 

The salt used is a 50/50 mixture of 
potassium nitrate and sodium nitrate. Very 
little trouble is experienced from the salt’s 
attacking the aluminum alloys, and furnace 
construction is simplified by the inertness 
of the bath to steel. 

A brief note describing and illustrating 
the General Electric salt bath furnace in 
use for high-production heat treating of 
aluminum alloy parts at the Curtiss Aero- 
plane Div. of Curtiss-Wright appears in 
Ind. Heating, Vol. 6, Dec. 1939, p. 1140. 
The furnace, 15 ft. long by 3 ft. wide by 
4Y, ft. deep, is heated by 24 immersion 
type heating units of 8.33 kw. each; the 
furnace is rated at 200 kw., 220 volts, 
3-phase, and has a maximum operating 
temperature of 1000° F. 


BY DISTORTED TAPER SEATS 
QUICK, SIMPLE AND SURE IN OPERATION 
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l. order to protect the quality of 
its stainless steel sheets, this steel 
plant in the Pittsburgh district con- 
trols the temperatures of bright- 
annealing furnaces with precision 
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accuracy by means of Bristol’s Strip- 
Chart Potentiometer Pyrometer 
Controllers and Bristol’s Indicating 
Dial Type Pyromaster Potentio- 
meter Controllers. In addition, both 
Bristol’s Strip-Chart Pyrometers and 
Bristol’s Pyromasters are installed 
for continuously recording the 
temperatures in important zones in 
the four furnaces which they serve. 
THE BRISTOL COMPANY 


WATERBURY, CONNECTICUT 


Branch Offices: Akron, Birmingham, Boston, 
Chicago, Detroit, Los Angeles, New York, 
Philadelphia, Pittsburgh, St. Louis, San Francisco, 
Seattle. Canada: The Bristol Company of Canada, 
Limited, Toronto, Ontario. England: Bristol’s 
Instrument Company, Limited, London, N.W. 10 








FOR EXACTING TEMPERATURE 
MEASUREMENT AND CONTROL 


Bristol’s Potentiometer Pyrometers 
offer many advantages, as follows: 


INDICATING PYROMASTER 
POTENTIOMETER 
PYROMETER 


Unaffected by vibration. Rugged 
galvanometer. Moving parts oper- 
ate only when the temperature 
changes. Automatic cold junction 
compensator. Extreme accuracy. 
Ask for Bulletin »07Y. 


STRIP-CHARI1 
POTENTIOMETER 
PYROMETER 


Extra wide 12%" chart. Large, 
easy-to-read scale. Automatic 
standardization. Automatic cold 
junction compensator. Extreme ac- 
curacy. Ask for Catalog 1452Y. 
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Brazing Furnaces 


Recent adaptation of the electric salt 
bath furnace to some brazing operations 
has simplified them and reduced their cost, 
reports A. E. Betws of Bellis Heat Treat- 
ing Co. (“Brazing with Salt Bath Fur- 
naces,’” Ind. Heating, Vol. 7, June 1940, 
pp. 496-498). For such work salt baths 
are advantageous in providing uniform, 
constant-temperature heating, and constant 
and inert fluxing baths with freedom from 
decarburization and scaling. The salt bath 
makes brazing a short operation. 

In electric salt bath furnaces of the Bellis 
type (described), the current is passed di- 
rectly through the salt, between immersed 
electrodes and the pot wall. Contrary to 
expectation, neither the metal pot nor 
pieces of the work coming in contact with 


the electrodes short circuit the current. 
Such furnaces are applicable, of course, to 
carburizing, heat treating, annealing, etc. 
In brazing applications, the salt bath serves 
as both the brazing flux and heating me- 
dium. 

Versatility of the electric salt bath meth- 
od for brazing is emphasized by the fact 
that baths can be made neutral to the 
metals being joined as well as the brazing 
alloys. Stainless steel, for example, can be 
brazed to carbon steel by means of copper, 
brass or silver alloy. An interesting appli- 
cation is the brazing of tungsten carbide 
tips on steel. 

The time of the operation depends on 
the size and thickness of the parts being 
heated and the melting point of the salt 
bath. A ¥,-in. diam. tube of \%-in. wall 


YOUR HORIZONTAL FILLETS WILL 
COST LESS 





Dust collectors 
Murex-welded by 
American Blower 
Co., Detroit, involve 
mony Fillex appli- 
cations. 


Fillex speeds fillet 
welding like that in 
this air test assembly, 
Murex-welded by 
The Graves-Marshall 
Co., Dayton, Ohio. 


Fillets in these Murex-welded petroleum 
condensers, built by Ross Heater Co., 
Buffalo, are typical of Fillex welds, 
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THE HEAVY COATED “HOT ROD” THAT PRO- 
VIDES CLEANER WELDS AT HIGHER CURRENTS 


Specially designed for high speed horizon- 
tal fillet welding, Murex Fillex Electrodes 
help reduce welding costs. 
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Even at high amperages, Fillex Electrodes 
produce sound, evenly proportioned fillets 
without undercutting and with a minimum of 
spatter. Slag is easily removed, resulting in 
real savings in time on multi-pass work. 
Weld surfaces are smooth and welds re- 
quire little or no cleaning. 


Write and ask to have Fillex demon- 
strated on your horizontal fillet welding 
applications. 


METAL & THERMIT CORPORATION 
120 BROADWAY, NEW YORK, N. Y. 


¢ Chicago -¢ Cincinnati «¢ Detroit 


Minneapolis ¢ So. San Francisco * Toronto 
“Murex Electrodes—Thermit Welding—Thermit Metals & Alloys.” 


xz Investigate Thermit Welding, too—in use since 1902 for heavy repair work; crank shafts, housings, frames, etc. 
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can be joined to a pressed metal collar of 
the same thickness with a brass melting at 
1700° F. in a bath that is molten at 1000° 
F., in 90 sec. Dragout is about 1 Ib. of salt 
per 100 lbs. of product brazed. X (2) 


Metal-Spraying 
A Composite 


Developments in metal-spraying  tech- 
nique and equipment have considerably in- 
creased the use of this process for applying 
protective coatings, producing special-prop- 
erty surface layers or building-up worn or 
damaged parts. Applications, cost-reducing 
innovations, specific utility in oil-refinery 
equipment, and an examination of the wire- 
spraying process are covered in recent 
articles. 

Two factors that have been most influ- 
ential in recent extensions of metal-spray 
applications have been (a) lowered costs 
and (b) improvement in depositing eff- 
ciencies through the higher speeds and 
thicker deposits possible, reports E. T. 
PARKINSON of Metallizing Co. of Ameri- 
ca, Inc. (“Reducing the Cost of Metal- 
Spraying,” Steel, Vol. 107, Sept. 9, 1940, 
pp. 46-49). Thus, a new wire-type gun 
with a special head that sprays steel or 
non-ferrous metals successfully and eco- 
nomically with acetylene, propane or natu- 
ral gas has aided in reducing costs in some 
cases over 50%; metal can be sprayed at 
an hourly cost for gas of 25-30 cents if 
piped natural gas is available. 

In the new guns, pressure can be varied 
about 50% and the gun will still have a 
neutral flame. Also because it is now pos- 
sible to apply a single layer as thick as Y, 
in. with one pass of the metallizing gun, 
a much stronger, lamination-free deposit 
can be produced. Speed is better—abou 
30% faster spraying of steel can be accon 
plished, and in 1 hr’s. run 8-10 lbs. ot 
steel, 7-9 lbs. of aluminum, 15-20 Ibs. ot 
bronze or 30-35 Ibs. of zinc can be d 
posited. A heavy-duty gun uses 3 lbs. o! 
propane/hr. at an average cost for gas 0 
22 cents/hr. Oxygen consumption is_ 
ft.*/hr. Bond strengths, also, are now hig! 
—12,000 to 15,000 Ibs./in.’ 


Applications 

A particularly advantageous application 
of metal-spraying is the rebuilding of wor: 
crankshafts of many types; it is not diffi. 
cult to make the journals 3 times as hard 
as the original journals. Aircraft parts- 
engine cylinders, tubular structures, fuel 
tanks, steel shafts—are other applications 
mentioned. Metallizing of engine cylinders 
is superior to painting for rust protection; 
on other aircraft parts—tubular structures, 
for example—metallizing makes a_ better 
base for subsequent painting than does the 
customary priming coat. In rebuilding of 
bearings and in rebabbitting, metal-spray- 
ing is widely used. eres 

A refrigerating company is using a metal- 
spray gun and propane to spray 1330 ft.” 
of zinc daily. On a performance test, 9352 
ft.2 of zinc surface was deposited using 1 
tanks of oxygen, 1 tank of propane and 
760 Ibs. of zinc. ; 

In another instance, valve parts on a 2-1n. 
blowdown valve in a power plant were 
metallized with 18/8 stainless steel, and 
their service-life extended to 3 yrs. where 
before it had been 1 yr. It takes but 15 
min. to prepare a valve, 30 min. to spray 
and 30 min. to finish at a cost of about 
$3.50. 
Oil-Refinery Equipment 

A useful description of the utility and 


technique of metal-spraying  oil-refinery 
equipment is given by D. R. JOHNSON & 
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E. K. Dewey, Jr. (“Metal-Spray Protec- 
tion of Refinery Equipment,” Welding J., 
N. Y., Vol. 19, June 1940, pp. 397-401). 
Two types of spray guns are in general 
use today for metallizing, the wire-type in 
which the substance to be sprayed is fed 
to the gun in the form of a wire, and the 
powder-type in which the substance to be 
sprayed is first reduced to a finely pul- 
verized form. Appropriate roughening of 
the surface to be sprayed will materially 
improve the bond. 

The most important single factor in 
metallizing, either for corrosion protection 
or for building-up purposes, is the proper 
preparation of the surface to be coated. 
The surface should be prepared by sand 
blasting to pure base metal. The importance 
of keeping moisture away from the surface 
to be metallized cannot be over emphasized. 
In moderately humid weather, metallizing 
should be done within 4 hrs. of sand- 
blasting. 

Several metals other than aluminum can 
be successfully employed for the protection 
of refinery equipment against corrosion. In 
a refinery at Artesia, New Mexico, the 
bubble tower of a cracking unit processing 
high sulphur topped crude had lost metal 
it the rate of 0.129 in. a year by localized 
corrosion and erosion. The tower was 
metallized in the corrosive zone with 12 
oats of 18/8 stainless steel to a thickness 
f 0.020 in. The fact that erosion was 
mportant in this case would have meant 
ertain failure if aluminum had been used. 
[Three inspections following the installation 
f the liner indicate that successful protec- 
tion has been secured. 

Typical of the infinity of applications 
that can be successfully metallized are: the 
surface of storage tanks and drums, the 
ends of pipe still tubes, exchanger tube 
sheets, heads, shells and pump rods, for 
which aluminum, red brass, 18/8 stainless 
steel, zinc and lead have been used. Metal- 
spraying has become a valuable maintenance 
tool and is worth serious consideration by 
iny company continually faced with cor- 
rosion problems or doing maintenance work 
where metallizing might be used to ad- 
vantage. 


The Wire Process 


A practical review of the wire-spraying 
process, with useful data on operating prac- 
tice with different metals, is given by W. 
E. BALLARD (“‘Metal-Spraying by the Wire 
Process,” Sheet Metal Ind., Vol. 14, July 
1940, pp. 747-750). Metal-spraying pistols 
have 4 feeds: (1) the metal wire, generally 
1-2 mm. in diam.—larger sizes give larger 
output, but the coating has a tendency to 
be more porous and to have more oxide 
inclusions; (2) gas with a minimum of 
450 B.T.U. at 20-30 lbs./in.*; (3) oxygen 
at a similar pressure; (4) compressed air 
at 40-60 lIbs./in. 

Aluminum coatings are widely used in 
the aircraft industry (usually 0.003 in. 
thick). Thicker aluminum coatings (0.007- 
0.008 in.) are used for furnace parts, air- 
craft exhaust systems, and for other parts 
requiring resistance to oxidation at tem- 
peratures up to 1800° F. In this case the 
aluminum-coated steel is heat treated at 
1475° F. so that the aluminum is absorbed 
in the steel base. Tin coatings are used 
in the food industry. A recent innovation 
has been the use of metal-spraying to build 
up worn parts; generally, the built up part 
has better wear resistance than the original 
metal due to the greater porosity of the 
sprayed metal, which can retain oil films 
more easily than can an absolutely non- 
porous wrought metal. 

As sprayed, the articles have a matte 
finish because of the previously sand-blasted 
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surface of the article. Scratchbrushing will 
give a shiny satin effect. If the sprayed 
finish is to be polished, its thickness must 
be at least 0.010 in., so that the slight 
porosity on top can be polished out. Most 
common metals except chromium (which 
cannot be obtained commercially as wire) 
can be used for metal-spraying by the wire 
process. X (2) 
2a. Ferrous 
‘“‘Austempering’’ Iron Castings 
A Composite 


The process of “austempering’’ steel 
(completely described in METALS AND 
ALLoys’ Aug. 1939 issue, pp. 228-242) 
produces such improvement in the proper- 


“Excellent results for over five 
years have proved the value of 
Cities Service Cutting Oils in all 
of our operations, including 
threading, tapping and drilling,” 
writes the purchasing director of 
a large electrical manufacturing 
company.* 


This is but one of many examples 
where Cities Service Metal Cut- 
ting Lubricants have justified the 


ties ot steel parts amenable to the treat- 
ment and has such interesting possibilities 
that it is not surprising to learn of the de- 
velopment of analogous constant-tempera- 
ture treatments applied to other ferrous 
materials. In two recent articles the use 
of constant temperature transformations to 
improve the properties of gray iron and of 
malleable iron is reported. The partial 
“‘austempering’’ method described by E. L. 
BARTHOLOMEW of United Shoe Machinery 
Corp. (“Gray Cast Iron—A New Heat 
Treatment,” Iron Age, Vol. 146, Aug. 1, 
1940, pp. 52-54) produces a marked im- 
provement in physical and wear-resistant 
properties of gray iron castings. Thus an 
iron containing 3.25% T. C., 1.75 Si and 
0.5 Mo heated to 1550° F. and held at 
heat 15 min. had a Brinell hardness of 





title, “Service Proved.” We will 
welcome an opportunity to tell 
you more about them and about 
our Lubrication Engineers’ Serv- 
ice. Just fill out the coupon below 
and mail it for further information. 


Copies of our booklet, “Metal Cut- 
ting Lubrication” are still avail- 
able to users of metal cutting lu- 
bricants. Write for your copy today 
before the supply is exhausted. 


*Name furnished on request. 
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341, tensile strength 75,500 Ilbs./in’., and 
impact strength of 61 ft. lbs. 

In contrast to steel, the austenite of cast 
iron is not fully transformed to bainite 
after mormal holding times in the hot- 
quenching bath. The resulting structure, 
a combination of austenite and bainite, is 
believed to be responsible for the superla- 
tive wear-resistant properties of irons so 
treated. 

This wear resistance was demonstrated 
by accelerated service tests on cams (a) 
as-cast, (b) oil-quenched and drawn to 
360 Brinell, and (c) hot-quenched to 360 
Brinell. The as-cast cam broke down in 
30 min., and the quenched-and-tempered 
after 17 hrs.; the “‘austempered’’ cam, how- 
ever, ran 105 hrs, and showed very little 
damage at the end of the run. An in- 
teresting feature of this austenite-bainite 


structure is that as work is done on the 
surface of a cam, for example, the surface 
austenite breaks down to martensite giving 
a highly wear-resistant martensite plus 
bainite surface cushioned by an austenite- 
bainite core. 

The hot-quenched iron is readily ma- 
chinable up to 300 Brinell. Because of 
the small amount of distortion, the part 
may be machined before heat treatment 
where a final hardness above 300 Brinell 
is required. A 2-in. section may be suc- 
cessfully treated but size is not necessarily 
a limitation where surface wear resistance 
is the prime requisite. Research to estab- 
lish S-curves for cast iron is underway. 

Test results obtained by subjecting pear- 
litic malleable iron used for commercial 
camshafts to an austempering treatment are 
presented by R. J. CowAN of Surface Com- 
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Your part in the National Preparedness 
Program requires “stepped-up” efficiency 
both on your regular production and on 
government orders. : 


Avoid a “bottle-neck” in your cleaning, fin- 
ishing and inspection departments by con- 
sulting Detrex engineers for approved 
methods. Follow government specifications 
in the cleaning of aircraft and automotive 
engines and parts, propellers, robots, radio 
equipment, photographic and optical instru- 
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ments, indicating and control devices, shells i 
and arms, special mechanisms, sheet metal 
parts, etc. R 
} 
Detrex Equipment and Materialsfor:Solvent | 
Degreasing; Alkali, Spirits, and Emulsion 
Cleaning; Bonderizing, Painting and Baking. 
) 
(x) 
DETROIT REX Comrany | 
COMPANY {| 


Engineered Solvent Degreasing and Alkali Cleaning 
13014 Hillview Ave. ¢ Detroit, Mich. 


Branch Offices in Principal Cities of U. S. A. 
In Canada: Canadian Hanson & Van Winkle Co., Lid., Toronto, Ont. 
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bustion Co. (“The Heat Treatment of 
Malleable Iron,” American Foundrymen’s 
Assoc., 1940, Preprint No. 40-19). Not 
all the carbides need be dissolved in the 
high temperature treatment, which may 
therefore be short, the purpose being in fact 
to produce a final structure containing both 
cementite spheroids and bainite, which is 
believed to be highly wear-resistant. 

This is done by heating the pearlitic 
malleable iron to a high (hardening) tem- 
perature, holding for a relatively short time, 
then quenching into a liquid bath at a pre- 
determined temperature and for a controlled 
time-period. The final hardness produced 
may be varied and controlled by regulating 
the temperature of and the time in the 
quenching bath, the high hardness values 
resulting from a long hold at comparatively 
low temperatures. X (2a) 


New Pickling Process 


“A REWOLUTION IN PICKLING METHOps.”’ 

A. McLeop. Sheet Metal Ind., Vol. 14, 

July 1940, pp. 715-721. Description of 
the de Lattre pickling process. 


Pickling in sulphuric acid pickling baths 
is rapid and economical; furthermore, spent 
baths can easily be regenerated by cooling to 
remove the excess ferrous sulphate with the 
subsequent addition of enough fresh acid to 
bring back to the original strength. Hovw 
ever, there are a number of disadvantage 
(1) The high pickling temperature : 
quired (160°-195° F.), (2) the tenden 
to deposit carbon on pickled metal, and ( 

a reduction in efficiency with increasing c« 
centration of ferrous sulphate. 

Hydrochloric acid pickles have some :; 
vantages, namely, they give a bright pick 
surface and can be used at lower temps 
tures. The main drawback in this casé 
the lack of a commercial method of reg 
eration, while the high price of the a 
and the possibility of hydrogen absorp 
by the pickled metal are minor disad 
tages. Methods involving the simultan: 
use of both acids have been proposed ; 
viously but have not been very succes 

The new pickling method is based on 
reversible reaction: 

FeSO, + 2 HC] = FeCl, + H,SO 
The best bath composition is: 1 gram mol 
FeSQO,, 1-2 gram mols HCl, a specia! in- 
hibitor consisting of gelatin pepterized by 
hydrochloric acid, and 1 gram mol H.SO, 
per liter. The solution is used at about 
125° F. 

The FeCl, and the H2SO, are the active 
agents in the solution. Pickling is continued 
until the concentration of FeSO, reaches 
326-394 grams per liter, at which time it is 
necessary to regenerate the solution by re- 
moving excess FeSO,. After regeneration, 
the solution is made up to its original vol- 
ume by the addition of water from the 
washing tank which is already contaminated 
with a small amount of acid. The process 
is claimed to have the following advantages: 
(1) Rapidity, (2) thorough cleaning, (3) 
reduction of hydrogen absorption, (4) low 
steam and acid consumption, and (5) ease 
of regeneration. 

Details are given of installations at two 
Belgian plants where acid consumption has 
been reduced to 38-60% of that formerly 
required. Two possible outlets given for 
the ferrous sulphate produced are the treat- 
ment of zinc ores and thermal decomposi- 
tion to form sulphuric acid. The Belgian 
Government made the adoption of this proc: 
ess compulsory, because of the greatly im- 
proved working conditions as well as the 
elimination of any necessity for a system 
for disposal of spent pickling liquors. 

[As a bit of timely news and also some 
insight into the harrowing life of an editor 
of a technical journal, we should report 
that this article was written by an editor of 
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WORKING LIFE 


)btaining maximum working life from 
ools and dies is now more important 
han ever before. With “Certain Cur- 
ain” furnaces you get this result, be- 
ause you can safely hold the steel at 
nigh heat long enough to fully develop 
the ideal working structure. With the 
ighly effective “Certain Curtain” con- 
trol of furnace atmosphere, better 
hardening is consistently produced. 
Some users report as much as 35% gain 
in tool life, since developing the steel 
to MAXIMUM potentialities. High- 
ly significant is the fact that leading 
tool steel companies are practically 
all “Certain Curtain” equipped. 
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WIDELY USED BY NAVY 
YARDS, ARSENALS AND 
AIRCRAFT PLANTS 


Since some phases of ordnance work 
are doubtless part of your production, 
it will interest you to know that a 
large number of Government ordnance 
plants have these unique furnaces, as 
well as innumerable private plants 
directly engaged in Defense Produc- 
tion. “Certain Curtain” is the out- 
standing leader in its field—because of 
outstanding performance. 


HEAT-TREATING RESULTS 


STANDARD TOOLS CUSTOM ano DIES SPECIAL PARTS 





ortant than ever before — 


__s gk Fe nl RRS as Es 


f ELECTRIC( <i. ) FURNACES); 
SO NQURT NN a 


OUR ENGINEERS AT 
YOUR SERVICE 


“Certain Curtain” designs bring the 
industry’s most successful atmosphere 
control to a wide variety of furnaces, 
not alone for hardening, but also for 
bright annealing, copper brazing, sin- 
tering of iron metal powders, etc. Our 
engineers gladly place their services 
at the disposal of your production 
staff, eager to share the burden of 
extra work that every industrial execu- 
tive today faces. 


Since 1928 World's Leading 
Controlled-atmosphere Furnace 
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"Sheet Metal Industries’ who visited Bel- 
gium to get first-hand details. He had had 
an opportunity to visit only two plants 
when the Germans invaded the country. As 
a consequence, Mr. McLeod had a very ad- 
venturous trip getting back to England 
with the material for the article—J. Z. B.} 

A critical discussion of the process is pre- 
sented in the next issue by J. W. T. (‘‘Crit- 
ical Discussion of the Data Provided on the 
de Lattre Processes,’’ Sheet Metal Ind., Vol. 
14, Aug. 1940, pp. 829-830), along the 
following lines: In view of the relative ac- 
tivity of hydrochloric acid and sulphuric 
acid in attacking iron and iron oxides, it 
seems probable that the hydrochloric rather 
than the sulphuric acid is the active agent 
in pickling. However, if there is really little 
loss of hydrochloric during pickling, while 
the sulphuric acid is consumed, then the 


process seems to be nothing more than the 
regeneration of HCI in accordance with the 
equation given above, the tendency being for 
the excess H.SO, to regenerate the HCl 
destroyed in pickling by reacting with the 
additional FeCl, formed. 

De Lattre attributes considerable of the 
merit in the process to the use of a special 
inhibitor: his critic feels that most of the 
savings supposed to be due to the special 
process as well as the freedom from hydro- 
gen embrittlement are merely due to the 
introduction of this inhibitor, which is 
common practice in all modern pickling 
plants regardless of the pickling solution 
used. The data given for the acid consump- 
tion prior to the introduction of the de 
Lattre process are typical of plants using 
sulphuric acid pickling solutions without 
inhibitors. 








Carboloy Announces 


TH PRICE REDUCTION! 


Plus New ‘Universal’? Standard Tools 
For 80% of all Turning, Boring, Facing Jobs 


Since the year when Carboloy tools were first introduced it 
has been the expressed aim of Carboloy Company to pass on 
to industry savings resulting from increased consumption 
and manufacturing efficiencies. As a tangible result of this 
policy, five major price reductions were put into effect between 
1929 and 1939. 


For a number of years, however, we have realized that if our 
uitimate goal of reducing the price of Carboloy cutting tools 
te a level that would make them available for the widest 
possible use, mass production methods of manvfacture, 
through greater standardization, would have to be effected. 


Towerds this end one of ovr major activities has been to 
determine the minimum number of grades and the simplest 
line of tools that would be applicable to a substantial majority 
of carbide tool applications. 


New $1,000,000 Plant Part of Program 
Concurrent with this we inauvgurated a long range progrom 
eof manufacturing development to establish maximum effi- 
ciency for standardized production. This culminated in the 
expenditure of a million dollars on a new plant and equip- 
ment completed last spring, having a production capacity of 
ten times the amount of cemented carbide then consumed by 
industry, with provisions for expanding metal production to 
many times that amount. 


Mass Production of Standard Tools Now Possible 
Teday we are happy to announce that this program has been 
completed. One of the outstanding results of this program 
new made available to industry is a line of standardized tools 
at prices that would have seemed beyond the realm of possi- 
bility only a few years ago. Indicative of the extent to which 
standerdization has been developed is the fact thot these 
tools—covering 80 per cent of all carbide tool requirements — 
comprise but five styles in only three grades—two for cast 
iron, and one for steel. 


General Price Reduction on Carboloy Metal 

A further result of this standardization program is that— 
because of the anticipated wider scale use of carbide tools — 
the cost of producing basic cemented carbides can be reduced 
te such an extent that we are able to announce the sixth 
general price reduction on carbide metals. This affects special 
tools, dies for working wire, bar, tubing and sheet metal, 
Cerboloy wear-resistant inserts, etc., in proportion to the 
amount of Carboloy metal used in each product. 








¥ Check These NEW 
Standard Tool Prices Against 
Any Other Cutting Alloy! 


(Three styles illvstreted) 
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NOW $2.65 






New Style 4 
Size 4%" squere 
(ve x He = Ye Corboley Tip) 
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NOW $3.95 







New Style 13 
Size %" squere 
(Wa x % x % Carboley Tip) 


SS 
NOW $4.70 







New Style 1 
Size %" squere 
(a x ¥e x % Corboley Tip) 


ALL TOOLS GROUND READY FOR 
USE (STEEL CUTTING TOOLS INCLUDE 
GROUND-IN CHIP BREAKER) 


Write for New Price Sheets 
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The economy of installing a regeneration 
plant is further questioned particularly in 
view of the uncertain market for FeSO,.- 
7H:0. Another factor to be taken into con- 
sideration is the suitability of present equip- 
ment for use with mixed acids. The only 
real advantage (other than a bright finish, 
which is often not necessary) seems to be 
the increased speed. JZB (2a) 


Hard Surfacing with Boron 


“SURFACE SATURATION OF IRON AND ITS 

ALLoys witTH Boron.” I. E. Kon- 

TtorovicH & M. Ya. L’vovsxi1. Metal- 

lurg, Vol. 14, Oct.-Nov. 1939, pp. 89-99, 
In Russian. Research 


Ingot iron and steels containing silicon, 
manganese, nickel and other alloying ele- 
ments were saturated on the surface with 
boron at 1300°-1850° F. for various pe- 
riods. The surface hardness was found to 
increase with increasing temperature and 


duration of the saturation process. The 
hardness was very high, reaching as high 
as 1200-1450 units (Brinell-Vickers). 

The extremely high hardness is ascribed 
to the layer of FeB. The depth of this 
layer depends on the composition of the 
steel, and is directly proportional to the 
temperature and duration of the treatment 
Those elements that raise the A; point 
sharply reduce the depth of the saturate: 
layer while those elements that lower A 
increase the saturated layer somewhat. Thx 
greatest hardness after surface saturatior 
was shown by the low-carbon iron alloys 


BZK (2a 


Gas Welding Carbon-Moly Pipe 
A Composite 


Carbon-molybdenum steel piping is en 
ployed under practically the severest op: 
ating conditions to which power piping 
subjected, and therefore requires the high« 
quality of welding. Nearly all such pipir 
to date has been arc-welded with carbo 
molybdenum steel electrodes. Forcet 
arguments for the use of oxyacetylene we! 
ing for such piping and operating techniq 
therefor are presented in two recent artic! 


Contrary to the common conception, 0» 
acetylene pipe welding is no slower nor 
more costly than equivalent competitiv: 
methods, claims A. N. KuGier (“Oxy- 
Acetylene Welding of Carbon-Molybdenum 
Pipe”, Welding Engr., Vol. 25, June 1940, 
pp. 20-24). Data collected by a large east- 
ern utility company on the welding of 
heavy-wall plain carbon steel pipe indicate 
that oxyacetylene welding is performed in 
1% to Yy the time required by other stand- 
ard procedures. 


A series of field tests in which open 
single-vee butt joints were made without a 
backing-up strip or liner, are reported. The 
welds were stress-relieved by means of the 
oxyacetylene torch, heating the joint to 
1400°-1500° F. and immediately wrapping 
and otherwise providing for slow cooling. 
{Since the author suggests an increase in 
the temperature of stress-relief, it is to be 
regretted that no data are submitted com- 
paring the properties of the weld with those 
obtained by the lower and more common 
treatment at 1100°-1200° F. At 1400°- 
1500° F. structural changes occur, and such 
temperatures are carefully avoided in most 
stress-relief annealing procedures —CE.J.] 


The welds develop an ultimate tensile 
strength equal to or exceeding that of the 
base metal. A hardness exploration con- 
ducted on the base metal, heat-affected 
zones and deposited metal indicate that the 
maximum is well below 200 Brinell. Sep- 
arate pre-heating of carbon-molybdenum 
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For Heat Treating 


Uniformly - Economically - Continuously 


These dependable E.F. Continuous Chain Belt 
Conveyor Type Heat Treating Furnaces handle all 
kinds of products, ranging in size from small springs 
and bearing parts up to large crawler links for tractors. 
Hundreds are in operation. 


The material is loaded directly onto a rugged heat 
resisting cast link belt conveyor. Without further 
attention, it is carried through the furnace, uniformly 
heated to the proper temperature and automatically 
discharged through a sealed chute to the quenching 
medium or directly from the furnace as desired. The 
chain belt conveyor returns within the furnace without 


cooling . . . no pans or trays are used in the furnace 
. 100% net material, 


These furnaces are built for oil, gas or electric heat 





Your Products 





in 5 standard sizes with capacities ranging from 300 
to 1700 Ibs. per hour. Larger or smaller sizes can also 
be furnished. They are also designed for using special 
protective atmospheres for scale-free heat treating 
and hardening without decarburization. 


The hundreds of installations in operation handling 
all kinds of material, have proven them the most satis- 
factory and dependable general purpose heat treating 
machines built for the uniform, economical, production 
heat treatment of miscellaneous small and medium 
sized parts and products. 


We will be glad to give you complete information, 
including installation and operating costs and submit 
heat treated samples if interested. 


The Chain Belt Conveyor Furnace is only one of the numerous types we build for various heat treating 


purposes. We build Gas Fired, Oil Fired and Electric Furnaces . . 


. furnaces for any process, product or 


production. We solicit your inquiries. 


The Electric Furnace Co., Salem, Ohio 


Gas Fire d, Oil Fired and Electric Furnaces---For Any Process 


, Produ Tel Molde ddeleitiatiel: 
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steel for oxyacetylene welding is not neces- 
sary. The inherent preheat available in the 
oxyacetylene flame is entirely adequate for 
the majority of joints made to date. 

In addition to these field tests, one small 
installation has been completed in the mid- 
dle-west. This system operates at 1800 
lbs./in.’ and 900° F. and involves the fol- 
lowing sizes of pipe: 2 in. by 0.438 in., 3 
in. by 0.563 in. and 4 in. by 0.674 in. 
Multi-layer welding was employed and 
stress-relieving was accomplished with oxy- 
acetylene torches at the temperatures and 
with the practice just described. Under 
test conditions and after approximately 1 yr. 
of operation, no leaks or failures of any 
mature have developed. 

A comparison of creep stress values for 
carbon-moly and for other types of steel 
piping reveal the outstanding advantages 


gained through employing this alloy-steel 
for pipe to be used above 750° F. In ad- 
dition, says E. R. SEABLOOM (‘‘Oxy-Acety- 
lene Welding of Carbon-Molybdenum 
Pipe,” Ibid., July 1940, pp. 23-26), car- 
bon-moly displays only moderate air-hard- 
ening characteristics as compared to other 
high temperature steels, thus imparting 
good welding properties without danger of 
cracking. 

Tests were conducted using the multi- 
pass back-hand method for making oxy- 
acetylene welds of carbon-moly piping, 
using a 3/16 in. diam. rod. The welding 
torch was used for both pre-heating and 
depositing. The weld was completed in 3 
hrs., after which it was stress-relieved with 
the welding torch, by heating the weld and 
the adjacent metal to a medium cherry-red 
color (equivalent to approximately 1300 
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F.). The physical properties of deposited 
weld metal exceeded those of the A.S.T.M. 
requirements, as failures occurred in the 
parent metal of the tensile specimen. [J+ js 
interesting to note that the lower stress- 
relieving temperature suggested by this in- 
vestigator 1s just below the Ac; transforma- 
tion shown by the dilatometric studies re- 
ported in the paper. This choice of tem- 
perature seems more logical than that sug- 
gested by Kugler. Greater ductility can be 
expected from the higher stress relief an- 
neal temperature, but other properties may 


not be so good.—C.E.].] CEJ (2a) 


Welding Low-Alloy Steels 


INVESTIGATION OF STATIC STRENGTH, 

NotcH-ImMpact TOUGHNESS AND FatTicu! 

STRENGTH OF WELDED STRUCTURAI 

STEEL St 52 arFTerR Dirrerent HEA 

[TREATMENT AND AFTER WELDING WITH 

PREHEATING (“Untersuchungen tibet 

statische Festigkeit, Kerbschlagzahigkeit 

und Dauerfestigkeit von geschweisstem 

Baustahl St 52 nach verschiedenen 

Warmebehandlungen und nach Schweis- 

sung unter Vorwarmung’’) K. L. 

ZEYEN. Tech. Mitt. Krupp, Forschungs- 

ber., Vol. 3, June 1940, pp. 87-98. 

Research. 

Up to 1938, 1 million tons of the Ger- 
man low-alloy steel St 52 (0.14% C, 0.36 
Si, 1.49 Mn, 0.020 P, 0.019 S and 0.37 Cu, 
with tensile strength of 75,000 Ibs./in.*) 
had been rolled, of which 80% was fabri 
cated by riveting and only 20% by welding 
A few failures of structures welded of thi 
steel led to an investigation of its be- 
havior, when arc welded, as affected by pre 
heating, post-heating, subsequent normaliz 
ing, etc. 

Welds were made with coated electrod« 
and with alloy-core electrodes. The prope« 
ties of the steel were not unfavorably 
fected in butt welds with either type 
electrode if the samples welded without p: 
heating were heated to 480° F. or a: 
nealed at 1,000° F. after welding. 17 
same holds good also for welds made at 
preheating temperature of about 480° | 
Normalizing improves the static test val) 
but reduces slightly the tensile strength 
butt welds with machined seams. 

The samples with welded-on longitudin 
and transverse beads, welded only wi 
coated electrodes, showed after each of 
applied heat treatments a considerable 
crease of mechanical strength. Coated el 
trodes gave in all cases higher values than 
alloy core electrodes for the notch-impact 
toughness of the seam, and their use also 
resulted in greater bending angles and a 
more favorable curve of temperature vs 
notch impact toughness in the range of 
—100 to +750° F.; the strength of butt 
welds with machined weld seams was 
about the same for both types of electrodes. 

Fatigue strengths of butt welds with ma- 
chined seams were higher than those of un- 
machined samples, and _ transversely-welded 
seams had considerably lower tensile 
strengths than longitudinally-welded seams. 
Fatigue results depend very largely on 
whether the notch affecting the fatigue lies 
in or crosswise to the direction of the test 
load. Ha (2a) 


Welding in Shipbuilding 


“WELDING AND THE Bustness or Suir- 
nuitpinc.” E. C. Recutin (Bethlehem 
Steel Co.) Welding J., N. Y., Vol. 19, 
Apr. 1940, pp. 288-292. General review. 
Welding is a comparative newcomer in 
the shipbuilding field, but is having a pro- 
found and far-reaching effect on both the 
technical and business sides of this indus- 
try. Gradually shipbuilding has progressed 
from welded barges and small tankers to 
larger and larger welded units. } 
The cost of a riveted ship, expressed in 
man-hrs. per ton has not changed greatly 
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Electronic Pyrometer Controller * 


Designed to operate on an electronic 
principle similar to a radio, the Alnor 
Pyrometer Controller assures ex- 
tremely close temperature control of 
heat treating furnaces, annealing 
ovens, melting pots and other heating 
devices. Employs no motor or moving 
mechanical parts—indicating pointer 
is free at all times to give continuous 
and correct temperature readings. 


find ALNO 
curate, rug 





The Alnor Pyrocon—for surface temperatures 
Especially valuable for taking preheat temperatures in welding. A versatile, 


practical pyrometer to give accurate, direct readings of the temperature of 


any surface—flat or curved—stationary or revolving—within a few seconds. 
Ten different aoee of thermo-couples—two types of arms—all readily inter- 
changeable wit 


surface temperature application in shop, laboratory or production line. 


THE ALNOR LINE OF INSTRUMENTS in- 
cludes numerous other portable and wall type in- 
dicating pyrometers, controllers, resistance thermom- 
eters, air velocity meters and metal detectors. 


Write today for the COMPLETE Alnor Catalog! 
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OF OVEN, FURNACt 
SURFACE TEMPERATU 


out adjustment—assures its adaptability to practically every 


















Alnor Rectangular Pyrometers 

A moderately priced pyrom- 
eter for permanent installation. 
Alt working parts are enclosed 
in a water-proof, dust and fume- 
tight case of aluminum alloy 
which permits it to be used un- 
der service conditions without a 
special housing . . . Five inch 
scale promotes ease and close- 
ness of temperature readings. 


See Alnor Instruments at 
Booth 1-12 National Metal 
Exposition . . . Cleveland 


October 21st to 25th, 1940 
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in many years, and no revolutionary changes 
in riveting practice are expected. On the 
other hand, all development in welding is 
in the direction of reducing costs. Ulti- 
mately, the welded ship should cost less 
than any possible riveted one. 

Welding can definitely be utilized to save 
steel weight. The saving can be employed 
either to increase the margin against cor- 
rosion or to extend the life of the ship, or 
it can be taken as a direct addition to the 
Cargo carrying capacity. A recent report 
states that a saving of 13% can be readily 
made in hull steel weight by welding. 

Design and fabricating factors are spe- 
cial for welding. A riveted structure has 
about 70% of the total fabrication man- 
hrs. spent in machine work before fastening 
the parts together. A welded structure uses 
only 30% of the total fabricating time prior 


to welding. The equipment that would fall 
short of being bare necessity for a large 
yard would mean an investment that would 
swamp the small builder. Yard equipment, 
generally, increases the speed and physical 
ease of doing the work. This means less 
labor costs on any given job. 

Automatic welding equipment is not as 
far from the experimental stage as hand or 
manual welding. Any automatic weld is 
essentially a high-speed heavy-current opera- 
tion making a large puddle of molten metal. 
This at present limits it to downhand weld- 
ing. The extent to which automatic weld- 
ing can be used goes back to assembly de- 
sign and crane capacity with their attend- 
ant economic considerations. The lower 
limit of thickness for economic application 
of automatic protected-wire welding, in 


s 


shipbuilding, at least, is about 5 in. The 
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AT All THREE CRITICAL POINTS 






WN IN THE STEEL PLANT 
@N IN YOUR PRODUCTION 
@N IN PRODUCT PERFORM 


It is not enough to prove the 
quality of the bar, billet or slab 
at the Andrews plant in the lab- 
oratory. That is but the initial 
test. The second is equally im- 
portant—how Andrews steel acts 
under your production processes 
and methods, and how well it fits 
into the requirements of your 
product. The third, performance, 
is the vital trial ground. This is 
the most critical and exacting of 
all, where your product must 
demonstrate its ability to give 
trouble-free, dependable, day-in 
and day-out service. 





ANDREWS PRODUCTS IN CARBON AND ALLOY STEEL: Bars 
Sheet Bars ® i 


Universal Mill Plates ®@ 
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Andrews steel is manufactured with 
this third great test in mind. That is 
why so many Andrews customers find 


it to their advantage to standardize 
on Andrews steel—and enjoy the 
benefits of triple-proved quality at 
all three critical points—in the steel 
plant—in your production—in the 
hands of the consumer. 


THE NEWPORT RE 
THE GLOBE IRON ROOFINI 





process attains its greatest value in the 
thicker plates where it has no competition. 
CEJ (2a) 


2b. Non-Ferrous 


Polishing Before Plating 


‘““A SwHort RESEARCH ON THE EFFECT 
oF Basis METAL POLISHING ON THE 
CHARACTER OF NICKEL Pate.” W. L. 
PINNER (Houdaille-Hershey Corp.) 
Proc. Am. Electroplaters’ Soc., 1940, 
Preprint, 7 pp. Investigation. 


The effect of polishing on the protective 
value of electro-deposited nickel coatings 
was studied, using 3 different types of steel 
and 12 different polishing procedures. The 
protective value of the coatings was evalu- 
ated by the salt spray test. 

An improvement in protective value of 
the plate was obtained as the size of the 
polishing grain was decreased from 90 to 
220 grain. A grease wheel gave better re- 
sults than a dry wheel. Good results were 
obtained by polishing with a coarse abrasive 
(90 grain) and then following with a single 
pass of the fine abrasive (220 grain) wheel. 

This treatment with the finer abrasive did 
not remove the scratches of the coarser 
abrasive, which remained visible, but prob 
ably only knocked off the tops of th 
scratches. A _ profilograph examination of 
the surface showed that the finer abrasi 
had reduced the average depth of the 9 
grain scratches from 0.00005 in. to 0.0000 
in. AB (2! 


Spot Welding Aluminum Alloys 


**RESISTANCE WELDING ALUMINUM AND 
irs AtLoys. A REVIEW OF THE LITERA- 
TURE TO JANUARY 1, 1939.” W. Sprara 
GEN & G. E. Craussen (Welding Re- 
search Commitee) Welding J., N. Y. 
Vol. 19, July 1940, pp. 241-s—280-s. 
Correlated abstract. 


Aluminum and its alloys are spot-welccd 
by the same basic process as other met |: 
Aluminum alloys usually require suri.ce 
preparation, and the conductivity, cleanli- 
ness and shape of the tip of the electrode 
are important. The properties of the weids, 
besides being influenced by machine set- 
tings, depend on the alloying elements 

The hard oxide film on aluminum sur- 
faces is an insulator, through which the tips 
must crush before electrical contact is made 
with the metal. It is therefore recom- 
mended that the surfaces in contact with 
the electrodes be cleaned either mechanically 
or chemically. Chemical cleaning solutions 
must be well washed off or neutralized after 
application. The preferred method of me- 
chanical preparation appears to be wire 
brushing, with buffers and sandpapers also 
used. 

Aluminum has a high contact resistance 
compared with copper, but conditions favor- 
able to absence of oxidation lower the con- 
tact resistance. Increase in pressure lowers 
the contact resistance. Too low pressure 
causes fouling of electrodes due to the high 
contact resistance and severe heating. On 
the other hand, the low contact resistance of 
Alclad calls for high currents and these 
involve rapid deterioration of the electrode 
through pick-up of aluminum. 

The tip must fulfill three general re- 
quirements—(1) retain its shape for 4 
considerable time under high pressufe at 
operating temperature, (2) possess high 
thermal conductivity in order to remain 
cool, (3) form no alloy with the sheet. 
Alloys of a hard copper-base alloy (at least 
Rockwell B 60) are preferred by most au- 
thorities. The alloy may be of the heat- 
treated or precipitation hardening type, and 
high conductivity (at least 75% of pure 
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copper) is essential. Water cooling is es- 
sential for any tip material, except for 
large flat electrodes. 

The total load is approximately propor- 
tional to the thickness. Starting with a 
minimum load of 150 lb. for two sheets 
each of 0.01 in. thickness the load is about 
100 lb. additional for each 0.01 in. thick- 
ness of the sheets. At intermediate currents 
there is a considerable range of pressure 
over which welds of constant strength may 
be obtained. The duration of current is 
increased as thickness is increased; time in- 
creases rapidly as the thickness increases up 
to 0.06 in., beyond which time is approxi- 
mately directly proportional to thickness. 

Extreme accuracy of timing is not essen- 
tial. In general, strength is more sensitive 
to changes in current than to changes in 
pressure and time. Excessive current may 
cause cracks and porosity. Welders based 
on accumulation-of-energy principle utilize 
extraordinarily high current for the thicker 
gages, if actuated by condensers, but may 
utilize currents of average intensity, if ac- 
tuated in other ways. Spot welders for alu- 
minum require transformers of high capac- 
ity. Electronic control is preferable for any 
machine. 

The shear strength of spot welds in com- 
mercial aluminum increases from 100 lbs./ 
spot at 0.020 in. thick to 800 Ibs./spot at 
0.130 in. With aluminum-manganese al- 
loys (3S), shear strength rises from 100 
lbs./spot at 0.020 in. thick to 1400 Ibs./ 
spot at 0.130 in. thick in cold-rolled tem- 
pers. Aluminum-copper-magnesium alloys 
(duralumin) show shear strengths that 
vary from 240 Ibs./spot in sheets 0.016 in. 
to 1060 Ibs./spot in sheets 0.059 in. thick. 
An alloy of aluminum with 2.5% Mg (52S) 
has a minimum shear strength that rises 
from 95 lbs./spot at 0.020 in. to 290 Ibs./ 


spot for 0.060 in. thick annealed material. 
The shear strength of aluminum-magne- 
sium-silicon alloy (53S) is the same as in 
cold-rolled 52S regardless of whether heat 
treatment preceded welding. The minimum 
shear strength of Alclad 24S-T rises from 
100 lbs./spot at 0.015 in. sheet to 780 lbs./ 
spot at 0.070 in. Higher strengths have 
also been recorded. With Alclad 17S-T 
strengths of 350 lbs./spot for 0.032 in. 
sheet and 825-1230 lbs./spot for 0.064 in. 
thick have been obtained. 

All the more common wrought alloys of 
aluminum have been spot welded. The thin- 
nest sheet that has been welded is 0.002 in. 
Single sheets up to 3/16 in. thick (0.188) 
were welded in 1928 (2S and 51S-W), 
which seems to be the maximum thickness 
to date. Macrostructural examination of 
spot welds in aluminum and its alloys re- 
veals the presence of a slug, indentation, 
and sometimes cracking or porosity; usually 
it is recommended that the slug occupy % 
of the thickness of the sheets. A 20% in- 
crease in strength due to heat treatment of 
spot welds in heat-treatable alloys is re- 
ported. CEJ (2b) 


Adhesives and Cements for 
Metals 

‘ADHESIVES AND CEMENTS FOR METALS.”’ 

Light Metals, Vol. 3, July 1940, pp. 

175-181; Aug. 1940, pp. 202-209. 
Practical. 

Adhesives find extensive use for the fix- 
ing of metallic components to metallic or 
non-metallic bases. Adhesives containing in- 
organic salts of the heavy metals must be 
used with caution, owing to the danger of 
corrosion, particularly when applied to light 
metals. The nature of the non-metallic 
backing to which the metal is to be fastened 














WHY NOT BE SURE YOUR GAS IS DRY? 


Years of useful service prove that when you want dry gas you 
get it with LECTRODRYER. Dew points as low as minus 60 de- 
grees C. and even lower are readily obtained and maintained con- 
tinuously and dependably. LECTRODRYER uses activated alumina 
system of drying, making possible efficient drying for years with- 
out noticeable deterioration or loss of efficiency. No replacement 
of material or regular overhauling is required. 


Write for further information. 








PITTSBURGH LECTRODRYER 
CORPORATION 


32ND ST. & ALLEGHENY RIVER 


PITTSBURGH, PA. 
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sometimes has a bearing on the question 
of corrosion. Dressing compounds, for ex- 
ample, may be leached out of the backing 
and initiate corrosion on the metal. 

The requirements of a suitable adhesive 
are cost; ready availability, either by pur- 
chase or by preparation on site; stability in 
storage; ease of application; suitable rate of 
setting or drying; freedom from objection- 
able corrosive properties; suitable degree of 
hardness; sound adhesion to both surfaces; 
permanency under service conditions; spe- 
cific properties such as color, water or oil 
resistance, electrical insulation, etc.; free- 
dom from factory hazards like fire risk, 
health dangers. 

Some important adhesives are as follows: 
Plaster of Paris may function as a filler- 
bond between two concentrically positioned 
components, for example, although neutral 
or acid sulphates are not recommended for 
contact with aluminum or magnesium. An- 
other solid ‘‘cold cement’’ may be prepared 
from glycerine and litharge. This type of 
cement may be made water and oil resistant. 
and is often used for metal-to-metal-junc- 
tions. A similar cement may be made by 
mixing powdered citric acid and propylene 
glycol with water, china clay, and impal 
pable silica gel to form a paste, common!) 
known as glycol-citrate cement. This forms 
an oil and gasoline-resistant cement used fo: 
metal-to-metal, metal-to-glass or ceram 
joints. 

Shellac forms the basis of many joini: 
materials. Shellac solutions or cements m 
be air-dried or baked, and find applicati: 
in joining to themselves, or to metal, gla 
ceramics, and plastics of the Bakelite 
Beetle type. Casein glues have become » 
established for fastening plywood and \ 
eers, and are used in light metal work 
glues for fastening fabric coverings to m« 
and metal veneers to metal-faced plywox 

Nitrocellulose cements although pn 
commonly used in joining absorbent m 
rials, have been successfully used in f.:st- 
ening felt to lacquered, enameled, or b.re 
metal. A rough metal surface aids in 
hesion. Modified starch adhesives ot pastes 
made from starch or dextrine and nitr: 
lulose are surprisingly effective, and «re 
often used for securing paper to alumin: 
and metals with very smooth surfaces. 

Bitumens such as the coal tar pitcies, 
fatty oil residues, etc. are somewhat re- 
stricted in use as adhesives because of the 
high temperature of application. However, 
they have the advantage of chemical inert- 
ness, stability, moisture resistance, flexibil- 
ity, and adhesion. One use is securing alu- 
minum foil to felted asbestos paper. Paint 
and varnish-like adhesives are now chiefly 
based on synthetic plastics. A Bakelite-rub- 
ber cement has been usefully used in fasten- 
ing window glasses in metal frames; the 
cement can be softened by naphtha, and the 
glass removed when necessary. Glyptal 
varnishes have been used for rendering 
gaskets oil proof. ' 

Rubber fixatives are widely used owing to 
good bonding properties and find special 
application in bonding metal to rubber in 
vibration damping and other applications. 
The Goodrich process is particularly note- 
worthy here, and consists in coating the 
metal with a benzene-cyclo rubber cement 
which is allowed to become practically dry 
before applying the rubber facing; the as- 
sembled job is then vulcanized and cooled 
under pressure. There are, of course, num- 
erous other methods and processes for bond- 
ing metal and rubber. For example, the 
reaction between the sulphur in rubber and 
copper is employed in some processes. Rub- 
ber cements have almost universal applica- 
tion possibilities aside from metal-to-rubber 
joints; they are reported capable of sticking 
“anything to anything.” AUS (2b) 
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Invites You to Booth Y-20 
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ON DISPLAY ...latest models and new equipment 





for complete metallographic laboratory installa- 
tions. Apparatus for research or routine micro 


analysis for large and small plants. 


Investigate these latest instruments for testing 


and control. Increase your sales by greater cus- 
tomer confidence with LABORATORY TESTED 
PRODUCTS. 


Write for 100 page catalogue, “THE METAL 
ANALYST”. A Review of Selected Apparatus 
for Metallurgical Testing; a technical treatise, 
“APPLICATION OF REFLECTED LIGHT” 
and a comprehensive listing of related books 
and articles. 
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228 No. La Salle Street,—Chicago, Illinois 
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Physical and Mechanical Properties (including Fa- 


tigue and Creep). 


Corrosion and Wear. Engineer- 
ing Design of Metal-incorporating Products. 


Selec- 


tion of Metals and of Metal-Forms. Com petition of 


Metals with Non-Metals. 


Specific Applications of 


Metals and Alloys. 


Aircraft Ball Bearings 


“Topay’s BALL-BEARING METALLURGY.” 
C. T. Hewitt (Fafnir Bearing Co.) 
Steel, Vol. 107, July 22, 1940, pp. 


38-39, 76. Survey. 


As many as 1100 antifriction bearings 
are used in a single airplane. In many 
cases such bearings are special, and some in- 
volve materials entirely different from those 
universally used. Non-magnetic materials 
must be used for bearings installed near 
magnetic compasses, so the use of K-Monel 
and beryllium-copper for rings, balls, and 
races has been perfected. These are also cor- 
rosion resistant. By heat treatment hard- 
nesses of about 40 Rockwell C are produced 
in such alloys. 


To resist corrosion, control bearings must 
either be made from stainless steel or be 
cadmium-plated. The stainless steel (1.10% 
C and 17% Cr) is heat treated to 60 
Rockwell C, and though softer than steel 
in ordinary ball-bearings, is hard enough 
te furnish extensive life-expectancy where 
loads aré not too high. Its corrosion resis- 
tance is nearly equal to that of K-Monel, 
and it is cheaper. 


A type of control bearing, known as a 
rod-end bearing, is made from S.A.E. 4620 
steel and has outer raceways integral with 
the housing with only the bore of the hous- 
ing hard. The housing is copper-plated be- 
fore the hole is drilled and the races and 
seal-grooves formed. Only these points are 
subsequently carburized, leaving about half 
of the wall thickness soft and tough to re- 
sist failure in service; the raceways remain 
hard to resist wear. The stop-off copper 
plating is removed after carburizing and the 
part is cadmium-plated. 


The roller thrust-bearing that permits 
feathering of controllable pitch propellers 
operates under heavy centrifugal loads and 
is located on the blade shank. The shank 
hub of the duralumin blade is upset after 
the blade itself is forged. Thrust-bearing 
washers must be placed on the shank be- 
fore upsetting, and thus are subjected to 
the precipitation hardening treatment under- 
gone by the blade. The steel developed for 
these washers contains 0.55% C, 1 Si, 0.60 
Mn, 7.5 Cr and 7.5 W. Its characteristics 
are similar to those of some tungsten hot- 
work steels. 


Super-precision ball-bearings (described) 
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for machine tools are often held to 
0.00001 in. with balls gaged as closely as 
0.000005 in. In modern railway roller-bear- 
ings, steel castings are used for housings 
instead of chromium-nickel-iron as formerly, 
and bronze replaces built-up steel sections 
for roll cages. MS (3) 


3a. Ferrous 


Heavy-Duty Brake Drums 


‘““METALLURGICAL ASPECTS OF BRAKE 
Drums FoR Heavy Duty Service.” 
V. A. Crossy & G. A. TIMMONS 
(Climax Molybdenum Co.) Foundry 
Vol. 68, July 1940, pp. 32-34, 83-84. 


Review. 

For heavy-duty brake drums, cast iron 
offers the best combination of relatively 
high coefficient of friction and resistance to 
wear and scoring. Most drums that fail in 
service do so by heat cracking; many show 
excessive wear, while some failures are due 
to insufficient strength. 

Drums made of cast iron with high car- 
bon contents (3.50-3.80% C) are more re- 
sistant to heat checking than low-carbon 
drums. While soft plain carbon steels pos- 
sess high coefficient of friction in contact 
with the brake shoe material, they tend to 
score in service. Drums of high-carbon 
steel have less tendency to score but be- 
come glazed by the formation of martensite 
on the braking surface, because the frictional 
resistance raises the surface temperature 
above the “‘critical’’; when the brake shoe 
is released the surface is subjected to a 
metallic quench by the cooler body of the 
drum. The hard martensitic surface thus 
produced polishes readily, and the coeffi- 
cient of friction between drum and lining is 
consequently reduced. 

Although hard, brittle material also 
forms on the wearing surface of cast iron 
drums, the discontinuity of surface (be- 
cause of the graphite flakes) prevents per- 
sistence of the martensitic layer. The sur- 
face layer is brittle and the high stress con- 
centrations produced near each graphite 
flake during brake shoe application aid in 
removing the brittle layer as rapidly as it is 
formed. For these reasons gray cast iron 
is best for brake drums. 

The problem is to increase the ‘tensile 
strength of cast iron or to eliminate its 
tendency to heat check. Stresses produced 





within the drum may be as high as 30,000 
to 40,000 tb./in.*, and therefore the mate- 
rial must have good tensile strength at high 
temperatures. Thermal or heat checking and 
crazing are terms applied to the series of 
fine-hair cracks, arranged in a network pat- 
tern, that appear on a surface subjected to 
rapid heating by frictional resistance. 

Beneath the surface layer, which may ac- 
tually melt, the metal is raised to tempera- 
tures that cause simple thermal expansion 
on one hand and allotropic transformation 
on the other. The heated surface expands 
and becomes weak in compression while the 
cooler surface retains its dimensions and 
resists deformation. When the metal cools 
contraction produces stresses higher than 
the tensile strength, resulting in failure ac 
companied by the network of cracks, or 
crazing. Volumetric changes in ferrous al 
loys exhibiting alpha-to-gamma transforma 
tion are larger per unit rise (or fall) of 
temperature than those produced by simple 
thermal expansion, so that alloying addi- 
tions that eliminate the transformation have 
possibilities. 

The ideal brake drum iron must contain 
high carbon, between 3.60 and 3.80% C 
Tests showed that sufficient alloy additions 
(0.50-3.80% Mo was used) increase the 
strength of cast iron with 3.80% C to ; 
figure corresponding to that for lower-car 
bon (3.20-3.30% C) irons. This increas: 
in strength increases the resistance to ups. 
at the braking surface and also reduces th 
tendency to crack under the stresses set u; 
by contraction during cooling. Addition 
that increase the physical properties of th: 
matrix improve the resistance of cast iro 
to thermal checking. 

Two alloy iron drums (0.49 and 0.79¢ 
Mo) were successfully tested for applic 
tion where weight was not a vital proble: 
hence a larger section of a weaker iron w 
satisfactory and alloy content could be ke; 
low. In another case service records show 
3.38% C, 0.55 Mo, 0.16 V iron to be st: 
serving satisfactorily in a set of bus bra! 
drums after 170,000 miles. For airpla 
brake drums irons containing 0.75% 
0.75 Mo and 2.00% Ni, 0.50 Mo are 
use. VSP (3 


Some Properties of Cast Iron 
—A Review of A. F. A. Papers 


A Composite 


Many new data of value on the prop: 
ties and structure of gray cast irons are 
found among the papers presented at the 
recent annual meeting of the Amer. Foun- 
drymen’s Assoc. The effects of copper on 
cast irons, the effect of sulphur on electric 
furnace irons, the relation between structure 
and performance of cylinder bores, and some 
observations on the pearlite transformation 
are all discussed. 


Effects of Copper and Sulphur 


Data accumulated during an investigation 
of the effect of copper on cast. irons (see 
also “Copper Cast Irons” in our May 1940 
issue, p. MA 282, and the article “Electric 
Furnace Cast Irons Containing Copper” in 
our July and August issues, pp. 37 and 158, 
respectively) are recorded by C. H. Loric 
,& V. H. SCHNEE of Battelle Mem. Inst. 
(“Damping Capacity, Endurance, Electrical 
and Thermal Conductivities of Some Gray 
Cast Irons,” Amer. Foundrymen’s Assoc., 
1940, Preprint No. 40-15). Work with cop- 
per additions from 0 to 3% showed that 
copper may benefit damping capacity at 
working stresses. As copper increases up to 
3%, there is a slight decrease in the endur- 
ance ratio. It has only an insignificant ef- 
fect on the thermal and electrical conduc- 
tivity within the addition percentages 1in- 
vestigated. 

The effects of sulphur on both the melt- 
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. . - there is a deep drawing high tensile steel 
for high speed production line 
parts and products... 





NAA 


High Tensile 


... and it has unusual high resistance 
to impact, fatigue, shocks and stresses, at 
normal as well as at sub-zero temperatures 


Realizing the need for a high tensile low alloy 
steel that combined cold forming and drawing 
properties with strength, excellent weldability, 
resistance to corrosion and abrasion, Great Lakes 
metallurgists undertook to provide such a steel. 
The result, N-A-X HIGH TENSILE, possesses 
all of these characteristics and its forming prop- 
erties approach that of deep drawing mild steels. 

Of major importance to users of high tensile 
steel, and particularly designing and production 
engineers, is the unusually high resistance N-A-X 
HIGH TENSILE has to impact and fatigue, at 
normal as well as at sub-zero temperatures. This 
means that parts and products made of N-A-X 
HIGH TENSILE can be cold formed readily, 
usually without intermediate annealing, and have 
the stamina to stay on the job longer with less 


replacement costs. N-A-X HIGH TENSILE also 
has excellent forging, machining, heat treating 
and carburizing properties. 

In scores of very difficult production line appli- 
cations, in many of which other high tensile steels 
have failed, N-A-X HIGH TENSILE is being 
used and receiving the acclaim of manufacturers. 

If you want all the advantages of a high tensile 
steel, plus the cold drawing and cold forming 
properties approaching those of deep drawing mild 
steel, specify and get N-A-X HIGH TENSILE. 

Great Lakes engineers are available to show 
you how you can use this really superior high 
tensile steel to advantage. One will be glad to call 
at your convenience—no obligation. Wire, write 
or telephone for one today. Great Lakes Steel 
Corporation, Detroit, Michigan. 
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NATIONAL STEEL CORPORATION 


Executive Offices, Pittsburgh, Pa. 
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ing behavior and mechanical properties of 
electric furnace iron were studied by Fut- 
TON Ho.itsy & R. L. DowpeLt of Univ. 
of Minnesota (“Effects of Sulphur on Prop- 
erties of Electric Furnace Cast Iron,’ Jd/d., 
Preprint No. 40-1). The authors made 40 
casts of electric furnace iron in the form of 
various types of bars, and tested them for 
transverse strength, deflection, tensile 
strength, flowability (fluidity), machinabil- 
ity, hardness, contraction, depth of chill, 
chemical analysis and microstructure. 

At about 0.18% S, there is a transition 
point in the properties of electric furnace 
cast iron. Up to that percentage, increased 
sulphur lowers transverse and _ tensile 
strengths and hardness, and increases deflec- 
tion; at percentages above that figure, the 
reverse is true. An increase in sulphur will 
decrease the resulting manganese analysis, 


the decrease being more rapid in iron con- 
taining more than 0.18% S. 

Flowability (fluidity) of the iron de- 
creases rapidly at about 0.18% S, the fluid- 
ity remaining the same above and below 
this amount, provided manganese is held 
constant. Chill depth is not affected by sul- 
phur, again provided manganese content re- 
mains constant. Finally, up to 0.14% §S, 
machinability decreases; between 0.14 and 
0.18% S it increases; and above the latter 
figure it again decreases. 

Microstructure and Properties 

Believing that microscopic examination 
of cylinder bore structures offers a valuable 
supplement to chill tests, hardness tests and 
analyses for control purposes, E. K. SMITH 
(“Cast Iron Cylinder Bores—Observations 
on Microstructure, Cemposition, Hardness 


and Wear,” Ibid., Preprint No. 40-3) offers 
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proof in the form of data on structure and 
properties at the point of greatest wear in 
the bores—l4 in. from the top. Analyses 
and hardness numbers are given and reasons 
are offered for either excellent, fair or poor 
wear experienced with the different micro- 
structures observed. 

There appears to be a relation between 
the amount of ferrite present in the structure 
and its wear resistance—the more ferrite 
present the greater the wear, provided nor- 
mal, thin graphite flakes were present. The 
best cylinder bore structure, at the position 
of maximum wear, should consist of an 
entirely pearlitic matrix with long, thin 
flakes of normal graphite, no ferrite, and 
sufficient small particles of iron-chromium 
carbide to increase resistance to wear. 

Studies of the pearlite transformation 
range in both the stable and meta-stable con- 
ditions of the iron-carbon-silicon system 
were reported by ALFRED BoyLes of Bat- 
telle (“The Pearlite Interval in Gray Cast 
Iron,” Ibid., Preprint No. 40-16). From 
test bars from 2 irons (2.93% T.C., 2.19 
Si, 0.76 Mn, 0.064 S, 0.093 P; 3.03% 
T.C., 2.34 Si, 0.70 Mn, 0.063 S, 0.097 P). 
the author selected specimens and heat 
treated them so as to arrest the transforma 
tion at various points throughout the range 
Micrographs show that ferrite, austenite and 
graphite exist in equilibrium within th 
range 1450-1550° F. for the irons studied 

The rate of formation of both ferrite an 
pearlite was accelerated at subcritical te: 
peratures. Under identical conditions 
heat treatment, an iron containing fi 
graphite flakes showed more ferrite than o 
containing large graphite flakes. Initial te 
perature of heating had an effect on 
rate of formation of ferrite. 

In small castings, examined by quenchi 
at various cooling stages in the mold, f 
rite began to form along the graphite flak 
prior to the formation of pearlite, and c 
tinued to develop during the transformati 
period; no additional ferrite appeared af 
transformation was complete. Silicon 
only promotes graphitization but also fr 
vides a mechanism for the formation of { 
ferrite. CMS (2:) 


Corrosion (External) of Tin Cars 


“PracTIcAL DATA ON THE CONTROL OF 

EXTERNAL Corrosion or Cans.” C. L 

Smitu (Continental Can Co.) Sheet 

Metal Ind., Vol. 14, June 1940, pp. 

617-618, 620; July 1940, p. 727. 
Practical. 


Rusting of empty cans in storage is gen- 
erally the result of poor storage conditions 
or excessive humidity. Paper-covered rolls 
are conducive to rust formation as the 
moisture is retained for some time. Filled 
cans may corrode if any of the product be- 
ing canned spills on the side of the can and 
is not washed off. 

Tin cans may be corroded or etched by 
corrosive waters if the cams are processed 
in open kettles or under pressure in water; 
the cure for this condition is the addition 
of an inhibitor such as sodium chromate to 
the water. Condensates are sometimes con- 
taminated by mechanical carry-over of im- 
pure boiler waters; installation of proper 
steam separators will prevent this conden- 
sate from reaching the cans. If retorts are 
improperly vented, air pockets may be 
formed that not only result in inadequate 
sterilization, but also lead to pitting and 
rusting of the can. The best cure is to 
close the retort after it has reached 215° 
F., so that the steam is given an opportunity 
to sweep out the excess air. 

“Retort burning” is the name for dark- 
stained areas on the ends of cans in contact 
with rust-covered iron crate bottoms during 
processing. The action is probably electro- 
lytic and is absent if the iron crates are 
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bright or if the crates are lined with sheet 
aluminum. However, in general, _ the 
stained area is not more susceptible to cor- 
rosion than the rest of the can. 

Corrosive cooling waters can act as a 
secondary effect on areas exposed prior to 
cooling, as a corrosive agent on previously- 
unaffected tin plate, and as a means of set- 
ting up conditions conducive to subsequent 
corrosion in the warehouse. The first two 
effects can be prevented by the use of non- 
corrosive water (i.e. rain water) for cooling, 
or by the addition of inhibitors such as 
sodium chromate. The last effect (corrosion 
in storage) is the most dangerous. 

Corrosion in storage has many causes. 
The cans are often cased when they are too 
cold and too wet, so ideal conditions for 
corrosion are present. Sometimes, too, the 
cooling water leaves hygroscopic residual 


salts on the can after the water has evapo- 
rated. Addition of sodium chromate is ad- 
vantageous, as is the maintenance of low 
humidity conditions in the warehouse. Also, 
sweating or condensation of moisture from 
warm humid air on cold cans is a frequent 
source of trouble. JZB (3a) 


Cast Iron for Car Wheels 
—Heat Treated vs. Chilled 


“Wear RESISTANCE TESTS OF MEI 
HANITE AND CHILLED WHEELS FOR THE 
Mininc Inpustry.” H. B. Cou rer. 
Western Mach. & Steel World., Vol. 


31, July 1940, pp. 289-290. Practical 
Wear tests were made on heavy-traction 
wheels by loading them with a uniform 
weight and then sliding them backwards 
and forwards on standard rails. A chilled 
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wheel with a Brinell hardness of 514 was 
compared with two high-strength iron 
(Meehanite) wheels, one of which had been 
quenched and tempered to 534 Brinell, and 
the other to 444 Brinell. The higher-hard- 
ness Meehanite had superior wear resistance 
to the other two wheels, while the chilled 
wheel wore more unevenly than the lower 
hardness Meehanite. However, castings 
should be heat treated to such high hard- 
nesses only when the service does not in- 


volve impact. JZB (3a) 


3b. Non-Ferrous 


Die Castings vs. Permanent Mold 


‘‘SUGGESTIONS TO War TiME USERS oF 

Die Castincs.”” A. Street. Machinery 

(London), Voi. 55, Mar. 14, 1940, pp. 
681-684. General survey. 


Die castings and permanent mold castings 
are advantageous due to the minimum wastc 
and minimum of machining involved; 
machining of either is necessary only if 
tolerances are narrower than = 0.0015 
in./in. Before the war, zinc alloy di 
castings were replacing cast iron in spite of 
higher material cost and because of th 
saving in machining; now this trend 
being reversed in Great Britain becau: 
there zinc has to be imported. On the oth 
hand aluminum is being conserved by sul 
stitution of aluminum brass or of zinc all 
in die castings and simple permanent m¢ 
castings. 

Molds for permanent mold casting a 
generally made of plain cast iron or all 
iron and have a life up to 30,000 part 
for pressure die castings, alloy steel dies ; 
used with a life up to 20,000 parts { 
copper alloys, 80,000 for aluminum alloy 
and over 200,000 for zinc alloys. Die ca 
ings can be made at the rate of 1000 - 15 
per shift compared with 250 for permanc 
mold castings. Permanent molds are ac 
rate to = 0.005 in./in.; die castings 
zinc to = 0.0015, in aluminum to + 0.00 
and in copper to + 0.003. 


Permanent mold castings can be underc 
and sand cores can be used; die castings 
the other hand can neither be undercut n 
can sand cores be used. [This stateme 
requires some qualification. As pointed out 
in the composite “Designing for Die Ca 
ings’ in our August issue, p. 214, a re- 
sourceful designer can break a few rule: 
While undercuts should be avoided in die 
castings, certain types involving extra die 
slides, collapsible cores, etc., are feasible; 
undercut regions can be machined out in- 
stead of cast with the undercut. Extremel) 
complicated one-piece parts can be made b) 
die casting—F. P. P.} The surface of 
pressure die castings is better than that of 
permanent mold castings. _ JZB (4b) 


Corrosion Resistance of 
Zinc Die-Casting Alloys 


Corrosion RESISTANCE oF ‘“ZAMA”’ 


, Type ALLOYS AND THEIR DERIVATIVES 


(“Sul comportamento, di fronto alla 

corrosione, delle leghe tipo Zama e 

derivate’) R. Prontrerrr & F. Cre- 

MASCOLI. Metallurgia Italiana, Vol. 32, 

Apr. 1940, pp. 123-154. A summary of 

published work, plus original research; 
91 references. 


The addition of up to 4.5% Al in- 
creases the strength and refines the grain 
of zinc, but the resistance to aging 1s 
lowered, and intercrystalline corrosion takes 
place to an increasing extent as aluminum 
is increased. Small amounts of impurities 
increase the rate of corrosion of zinc alloys 
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notably. The addition of copper improves 
the tensile strength, elongation and welda- 
bility of the alloy. 

The addition of magnesium to zinc- 
aluminum and zinc-aluminum-copper alloys 
tends to counteract the injurious effect of 
any lead addition by retarding  inter- 
crystalline corrosion. The formation of 
magnesium-zinc compounds, which separate 
as distinct phases, increases the hardness, 
but also makes the alloy more brittle, and 
reduces fluidity. Lead itself must be strictly 
limited to less than 0.005% for zinc- 
aluminum alloys, and to 0.007% for zinc 
aluminum-copper alloys. 

Lithium, although almost insoluble in 
zinc, induces the formation of finer grain 
with increased tensile strength and hardness 
It also tends to counteract the effects of lead 
addition in a manner similar to magnesium 
However, the oxidizability of lithium causes 
high losses during preparation of the alloy. 
The effect of cadmium parallels that of lead, 
and its content should be held below 
0.005%. Tin increases intercrystalline corro- 
sion markedly when present in amounts 
above 0.001%, and also reduces the worka- 
bility. Nickel behaves somewhat like copper 
in improving the resistance to corrosion, but 
is more effective in the absence of the latter 
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Vaporized Metals as Bearing 
“Grease”’ 
“LUBRICATION IN VACUUM BY VAPOR- 
1zEp THIN Merattic Fits.” Z, J. 
Atiere, J. T. Wirson & F. C. FIicmer 
(Gen. Electric X-ray Corp.) J. Applied 
Physics, Vol. 11, Sept. 1940, pp. 611- 
615. Research. 


The designers of a special type of X-ray 
tube, in which the target is rotated at a 
high speed, were faced with the problem 


of providing lubrication for the steel ball 





bearings of the rotating target. In the high 
vacuum required for X-ray tubes, ordinary 
lubricants are out of the question since any 
vaporization of the lubricant would spoil 
the vacuum and render the tube useless. 
Bearing temperatures, too, are likely to be 
as high as 400°-1000° F. 

A thin film of metallic barium vaporized 
on the ball bearings greatly reduces the 
friction. Use of the barium film as a lubri- 
cant has resulted in a tube that not only 
operates more quietly but permits longer 
bearing life. Normally the barium coating 
will effectively lubricate an anode bearing 
for 50-100 hrs. of rotation, which corre- 
sponds to 36,000-72,000 diagnostic expo- 
sures. Previously such tubes had been 
operated without lubrication. 

Application can possibly be made of the 
results described to other cases in which 
rotating devices have to be operated in 
vacuum. In addition, results obtained with 
films of chromium, aluminum, magnesium 
and zinc in air may have practical possi- 
bilities in rotating devices where organic 
lubricants are undesirable. FPP (3b) 


Fatigue of Light Metals 
A Composite 


The light metals (aluminum, magnesium 
and their alloys) have inherently lower 
fatigue strengths than the heavier metals. 
Design engineers are learning, however, 
that this fact is not necessarily a barrier 
to their use for specific applications. For 
many of their most likely applications re- 
sistance to repeated stresses is not at all 
essential, for such stresses may either be 
entirely absent or well below the fatigue 
strength of the material. In others careful 
designing to reduce or eliminate stress 
concentrations may permit the use of light 
metals where the original design might 
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have precluded it. In certain ranges a big 
question-mark still exists, for which data 
of use to designers are rapidly being 
accumulated. 

Wohler-type endurance tests or steel 
have demonstrated the existence of a ‘‘dam- 
age curve” which charts the course of the 
beginning of damage (formation of cracks), 
as distinguished from actual failure, in 
terms of load and number of cycles. Gustay 
GURTLER (‘Untersuchungen iiber die Scha- 
denslinie bei Leichtmetallen,” Z. Metall- 
kunde, Vol. 32, Feb. 1940, pp. 21-30) 
studied such damage curves on cast and 
wrought aluminum and magnesium alloys 
by means of fatigue bending tests. 

Fine cracks develop after a number of 
stress cycles below that at which fracture 
takes place. The formation of these cracks 
is accompanied by a drop of impact strength 
and by a sudden increase in the amplitude 
of the bending. Observation of this change 
of the amplitude of bending offers a simple 
method of determining the “damage curve.” 

If the stress is plotted against the num- 
ber of stress cycles that produce cracking, 
a curve is obtained that is below the S-N 
curve, but which has a similar shape and 
tends to merge into the latter at 20-30 mil 
lion cycles with annealed Silumin, with 
aged alloys of the Duralumin type, and 
with aluminum-magnesium alloys. Wit! 
cast Silumin and homogenized magnesiun 
aluminum alloys, the so-called ‘‘damag 
curve” remains well below the S-N cur 
even at a “high” number of stress cycl: 
(100 million). The previous thermal an 
mechanical treatment has a _ pronounc 
effect on the shape and location of ¢t! 
“damage curve.” 

In order to observe the amplitude 
bending, an automatic measuring device « 
erating at a magnification of 3200 has be 
developed, which permits the detection 
an early stage of the development of crac! 
on notched and smooth test pieces. Ch 
acteristic curves are given for several allo 
after different thermal and mechani: 
treatment. The new experimental results 
the “damage curve” are claimed to be 
more value to the designer with respect 
different materials and shapes than 
conventional Wohler curve. 


Using a Schenck-type machine, Isa» 
IGARASHI & SEIKITI FuKAr (“On the Fa 
tigue Tests of Light Alloy Sheets,” Tran 
Soc. Mech. Engrs., Japan, Vol. 6, Feb 
1940, Abstract Supplement, p. $3; in Eng 
lish) tested 6 aluminum alloys, 2 mag- 
nesium alloys and some brasses and bronzes 
variously dimensioned, heat treated and fin- 
ished. The most suitable test piece was 
15 x 20 x 2 mm. 


As expected, the surface condition of 
duralumin specimens had a _ pronounced 
effect—even light polishing increased the 
fatigue strength 9-24%. Aging had only a 
moderate eftect, and cold working appar- 
ently offers no distinct advantages. 


The same authors (“On the Influence of 
Alunite Treatment on the Fatigue Strength 
of Some Aluminum Alloys,” I[bid., pp. 
£1-S2) attempted to increase the fatigue 
sirength of 3 wrought aluminum alloys by 
‘anodic oxidation. The tests were made 
with 18 mm. drawn bars anodized by 
Riken’s method and tested in Ono's fo- 
tating beam machine, at 1700 cycles/min., 
and 10 million repetitions. 


The results led the authors to conclude 
that anodizing does not improve mechani- 
cal properties and causes considerable loss 
in fatigue strength. The corrosion fatigue 
in a solution m3 6% sodium chloride and 
3% hydrogen peroxide is but slightly better 
than that of the untreated material. 

EF (3b) 
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Physical and Mechanical Property Testing and In- 
spection, Routine Control and Instrumentation. X-ray 


and Magnetic Inspection. 
elastic Analysis. 


Spectrographic and Photo- 
Corrosion- and Wear-Testing. Ex- 


amination of Coatings, Surface Measurements. Metal- 
lographic Structure and Constitution. 


Spectrochemical Analysis 
A Composite 


Although spectroscopic methods of ana- 
lyzing metals have been encroaching in- 
creasingly on the field of wet analytical 
methods, the latter will probably never be 
entirely replaced. The two types of methods 
are complementary; ordinary chemical 
methods are supreme in the high concentra- 





tion range and in special analyses, while 
spectroscopic or spectrographic methods are 
useful for initial qualitative tests and ex- 
cellent for quantitative, low-concentration 
work. 


New Aids to Accuracy 


This feet-on-the-ground appraisal of 
spectrography’s relation to general analytical 
chemistry is found in editorial comment on 
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p. 311 of the Aug. 1940 issue of Gen. Elec, 
Review. Speed and accuracy are required 
in both types of analysis; speed is obtained 
with the spectroscope by using photo- 
graphic, photometric and electric accessories 
now available. Special techniques and ac- 
cessories for increasing the accuracy and 
sensitivity of quantitative spectography are 
discussed by J. T. M. MAatpica of Gen, 
Electric Co. (“Quantitative Spectrographic 
Analysis,” Gen. Elec. Review, Vol. 43, 
July 1940, pp. 288-297; Aug. 1940, pp. 
333-335). 

A method of relative intensities with in- 
ternal standards, developed to reduce as 
much as possible the effect of the charac- 
teristics of the photographic plate in the in- 
tensity determinations, is shown to be in- 
dependent of plate sensitivity, exposure and 
time of development. However, the spec 
tral response of the plate is not eliminated 
and the lines under comparison must be 
close in the wavelength scale. Accordingly, 
a method of relative intensity ratios with 
external standards was developed to permit 
the making of intensity determinations com- 
pletely independent of the photographic 
process. 

Most difficulties in spectrum § analysis 
arise in the light source itself. Saut Levy 
(“A Correlation Method for the Elimina 
tion of Errors due to Unstable Excitation 
Conditions in Quantitative Spectrum Analy 
sis,” J. Applied Physics, Vol. 11, Jul 
1940, pp. 480-487) describes a method fo 
evaluation and correcting errors due to u: 
stable excitation conditions; originally di 
to Gerlach and Schwertzer. It is based o 
the use of 2 pairs of lines, a homologo 
pair (a line from the impurity and a li: 
from the main substance that both chan; 
in the same way when excitation conditio: 
are altered) and a fixation pair (a pair « 
lines from the main substance that beha 
differently when conditions are altered) 


Steel Analysis 


The spectrographic problem of determi 
ing very small percentages (around 0.05%. 
of alloying metals in low-alloy sheet st« 
rolled from “rimming” steel ingots and | 
tended for deep-drawing operations is d 
cussed by R. A. SAWYER & H. B. VINCF 
of Univ. of Mich. (“Spectrochemical Ana 
sis of Sheel Steel at the Great Lakes St: 
Co.”, J. Applied Phys., Vol. 11, July 194 
pp. 452-458). The problem depended «« 
the selection of a light source of correct 
sensitivity and reliability. 

A serious trouble occurring in the spe: 
trographic analysis of metals at low con- 
centrations is that of obtaining satisfac- 
tory chemical analyses for calibration curves. 
Sample data of spectrum analvsis of steel 
containing 0.03% Ni and 0.045% Cr show 
a standard deviation of 3% for the nickel 
and 5.2% for the chromium determinations, 
which means an accuracy of 0.01% or bet- 
ter in the actual composition determined 
The spectrographic method will even pet- 
mit determination of alloying. metals in 
concentrations as low as 0.01% to around 
+0.001%. 


Spectroscopic methods, as distinct from 
spectrographic, are used where the most 
rapid results are required. Usual methods 
less accurate results than spectro- 
graphic and are, therefore, used more for 
identification and general classification than 
for accurate routine analysis. According to 
A. FisHER (“The Spectroscopic Analysis of 
Steels,” Wild-Barfield Heat-Treatment ].. 
Vol. 14, June 1940, pp. 2-6), the speed 
of visual methods is remarkable; an intelli- 
gent boy can identify and estimate the con- 
tent of 10 or so alloying elements in a few 
minutes. [This “any bright lad” stuff abso- 
lutely does not apply to accurate quanttta- 
tive spectrography.—F.P.P.} 
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A two-prism spectroscope is generally 
satisfactory if the prisms are made of dense 
glass of high refractive index—say 1.65 to 
1.70. As the collimator and telescope 
tubes are then approximately at right angles 
to each other, observations can conveniently 
be made without dazzle from the arc. Di- 
rect current, of course, is essential, 10 amps 
at 110 volts being generally satisfactory. 


Non-Ferrous Metals 


A very good review of spectrographic 
analysis—fundamentals, procedures, inter- 
pretation of results, equipment, etc.—is 
given by F. TWYMAN (‘‘Spectrography in 
Non-Ferrous Metallurgy,” Brass & Alumi- 
num Foundry, Vol. 40, July 13, 1940, pp. 
1. 2, 12; Aug. 10, 1940, pp. 1, 2, 5, 8; 
Sept. 7, 1940, p. 5; to be continued ) 
Heterogeneity is believed to be the chief 
remaining cause of inconsistencies between 
successive spectrochemical determinations of 
the same specimen. Macroscopic hetero- 
geneity effects may be minimized by using 
moving electrodes, and microscopic by se- 
lection of suitable inductance. 

The consistency of spectrochemical analy- 
sis of non-ferrous alloys is from 2.5 to 
7.5% of the per cent of minor constituent. 
Despite the popular assumption that many 
,etalloids cannot be determined spectro- 
graphically, all the elements have sensitive 
nes, although those of many metalloids 

of wave lengths shorter than those to 
ich air is almost completely opaque. 

h elements can therefore be determined 

ctrographically with the aid of vacuum 

paratus and technique. 

The applicability of the spectographic 

thod to the analysis of lead and _ its 


alloys has long been known, but for rea- 
sons of cost and personnel qualifications 
has not been widely used for analyzing 
these metals. However, a detailed descrip- 
tion of the procedure hopefully developed 
for the lead industry by Illinois University’s 
Noyes laboratory is given by J. N. 
MRGUDICH (‘“‘Spectrographic Analysis of 
Lead and Its Alloys,” Irom Age, Vol. 146, 
Aug. 29, 1940, pp. 21-25; Sept. 5, 1940, 
pp. 40-43). The development program, 
carried out at the request of a large stor- 
age battery company, has as its ultimate 
objective the evaluation of the effect of 
each common impurity in pig lead or grid 
metal in terms of battery production and 
performance. The analytical procedure de- 
scribed has been tested on more than 1,000 
samples, it has been adopted by 3 impor- 
tant consumers and its results are accepted 
by at least 11 suppliers. 

In qualitative spectrographic analysis the 
author uses a relatively large quartz prism 
rather than a diffraction grating. Identi- 
fication of a “suspected impurity” line is 
done by matching the spectrum of the un- 
known sample with standard spectra. The 
limit of detection of the common impuri- 
ties in lead are: copper and _ silver, 
0.0001%: bismuth, 0.0003%: cadmium, 
tin and nickel, 0.0005%; antimony, 
0.001%; and arsenic, zinc and tellurium, 
0.01%. 


In the quantitative procedure described, 
each unknown spectrum acts in effect as its 
own plate calibrating agent. The essential 
advantages of the method are that no ex- 
traneous calibrating spectra need be regis- 
tered and that the plate area actually cali- 
brated is more nearly the same as that on 





which is registered the impurity line to 
be measured. 

Illustrative data are given only for the 
determination of silver in lead, but the 
same reproducibility was observed with 
copper, bismuth and cadmium. No dif- 
ficulty has been encountered in checking 
silver and copper and bismuth in amounts 
less than 0.075%: between 0.075 and 
0.10% Bi, spectrographic results run 
slightly higher than chemical. As indica- 
tion of the speed of the method, in one day 
18 pig lead samples were quantitatively 
analyzed for copper, bismuth, cadmium and 
silver, and qualitatively for arsenic, anti- 
mony, tin, nickel, zinc and iron. X (4) 


Chromium Plate Thickness Tester 


“An ELectro_tytic CHROMIUM PLATE 

THICKNESS TESTER.” STANLEY AN- 

DERSON & R. W. Manvet (Crane Re- 

search Labs.) Trans. Electrochem. Soc., 

Vol. 78, 1940, Preprint No. 3, 10 1 
Descriptive. 


pp 


The tester is based on the principle that 
the time required to anodically dissolve a 
chromium coating on a given area is pro- 
portional to the thickness. A small known 
area of coating is dissolved by means of a 
stripping cell, which consists of a conical 
brass tube to hold the electrolyte and a 
rubber gasket (1/16 in. thick) pierced by 
a hole 3/16 in. in diameter. The gasket is 
placed on the surface to be tested and is 
held in place by the tube, the end of which 
is placed concentrically over the hole. 
Stripping occurs only on the area of coating 
exposed by the hole. 

The electrolyte consists of a solution that 
is 1.0 N in NasPO, and 1.0 N in NaSO,. 
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The current density used is such as to strip 
about 0.000001 in. of chromium per sec. 
This amounts to 35 milliamps. for the 3/16 
in. diam. hole. The endpoint is indicated 
by a sudden change in the current which 
is registered on a milliameter. 

For measurements on curved surfaces the 
hole in the gasket has a diam. of 3/32 
in. Although the thickness of chromium 
can be calculated from the current density 
and the area stripped (since the chromium 
is dissolved with 100% current efficiency) 
it is preferable to calibrate the instrument 
with coatings of known thickness. 

Using this method the precision of 
measurements on flat and convex surfaces 
was about 2% and 5%, respectively. On 
concave surfaces the measured thicknesses 
were about 15% too high. AB (4) 


Photocell Pyrometer 


““TEMPERATURE MEASUREMENT WITH 
BLocki1nG-Layer Puoto-Cetts.” B. M. 
Larsen & W. E. Suenx (U. S. Steel 

Corp.) J. Applied Physics, Vol. 11, Aug. 

1940, pp. 555-560. Experimental. 

A photo-cell pyrometer for measuring 
temperatures in open-hearth furnaces is 
described. It is found that the chief ad- 
vantage of the photo-cell is that it may be 
used to measure temperature changes at 
high temperatures with good precision and 
also enables direct recording of temperature 
data on standard recording apparatus. A 
detailed and dimensioned design is shown, 
which the authors have put to practical use. 
Its main limitation or obstacle is smoke or 
fumes which have to be avoided to obtain 
correct temperature readings. HFK (4) 
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Test-Piece for Steel Castings 


“Desicn oF TeEst-Preces FoR CARBON 
Stee, Castincs.” C. H. Karn & E. W. 


Dowson. Foundry Trade J., Vol. 62, 
June 13, 1940, pp. 435-436. Original 
research. 


The design of test-pieces that are repre. 
sentative of the metal employed in the 
manufacture of carbon steel castings is more 
important than generally recognized. For 
many years a block or coupon of the rec- 
tangular tongue type, from which two test- 
pieces could be cut in a plane parallel to 
the axis, was generally employed. This de- 
sign is open to the serious technical ob- 
jection that its square sections contribute 
to the formation of cleavage planes from 
the corners at 45° to the eae Neverthe- 
less, this method usually produced two test 
pieces of reasonably uniform properties. 

When, however, the tongue of the block 
was extended to provide a third bar, it was 
found that the three bars did not possess 
uniform properties. The bottom bar had the 
best properties, the bar immediately under 
the head the next best, while the center bar 
was slightly inferior. The explanation has 
been offered that the bottom bar consisted 
entirely of primary crystals, while the two 
above it had centers of secondary crystals, 
the formation of which in the narrow spac« 
between the primary crystals prevented th: 
effective gravitational feeding of the middl: 
bar. 

The present paper deals with a three-tes: 
pieces test block, designed to employ the 
principle of directional solidification b 
making the casting taper from the base 
the feed head. In the ideal piece the ba: 
must solidify under the same freezing a: 
feeding conditions; as large an area as px 
sible must be provided, from which prim 
solidification can proceed; and the te 
pieces must be isolated from large bod 
of metal that cause delayed freezing. 


A final design of test block having a s 
tion resembling a clover leaf was adopt 
These bars freeze under identical co: 
tions. They have a uniformly large surf 
for primary freezing and, as the feed m« 
is introduced from the side, the section 
the bar subject to stress during testing is 
remote from any large body of feed me:al 
to cause delayed internal freezing. AIK (/) 


Oxide Printing in Metallography 


Urinity oF THE NiessNeER Ox1ipe-PRint 
Tecunigue (“‘Anwendbarkeit des Oxy- 
dabdruckverfahrens nach M. Niessner’’) 
F. Newrrtu, R. Mitscue & H. Dien- 


BAUER. Archiv Eisenhittenw., Vol. 13, 
Feb. 1940, pp. 355-358. Descriptive. 
In the Niessner print method, oxide 


inclusions are revealed in the same way 
as are sulphide inclusions in the ordinary 
sulphur print. Photographic paper is soak- 
ed in 1:20 hydrochloric acid solution, and 
contact is made with the steel surface for 
a period ranging from a few seconds to 
about 2 min. The print is then brought to 
the desired bluish tint in a potassium 
ferricyanide solution for about 10 min. 
and the paper is fixed. 


The section must be polished just as for 
microscopic examination to obtain clear 
prints. The method was thoroughly inves- 
tigated and the results using varying tech- 
niques are discussed. Oxide inclusions and 
streaks are well brought out in the prints, 
although some alumina inclusions low im 
FeO and very small inclusions may not 
be revealed. 

Whether the method can be used as 


a research tool or for control testing is 
still doubtful. SE (4) 
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Hardening High Speed Steel 
—Tongs, Tools and Tricks to Avoid Distortion 


by G. B. Berlien 
Lindberg Steel Treating Co. 


The use of the right tongs and tools 
for handling parts made of high speed 
teel or other high-temperature-hardening 
aterials will help to avoid trouble and 
ay even determine the success or failure 

the entire hardening job. Often, for 
xample, a light tong is used on a heavy 
art or vice versa. Certain other aids to 
ood handling practice are also worthy of 
ention. 

There are several standard types of tongs 
ith which everyone is familiar, but each 
ype should be available in various diam- 
ter stock for good work. These for the 
‘ake of clearness are as follows: 
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No. 1 is the flat nosed tong; No. 2, the 
hook; No. 3, the pick up tong; and Nos. 
4a and 4b, two types of round-nosed tongs. 
These tongs, if available in three sizes, 
will handle 90 per cent of the average 
tools. 

The first step in handling comes before 
the part is ever put in a furnace. Unless 
the part is one of a type the hardener has 
handled many times before, he should try 
the tongs on it, going through the motions 
of moving it in and out of the furnace to 
be sure there will be no slip when the 
part is at heat. 

The availability of proper tongs is im- 
portant, but the handling of work in the 
furnace should certainly not be ignored. 
It is an established fact that heating will 
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be more uniform if the part can be ele- 
vated from the hearth of the furnace. Thus, 
the preheat can be fitted with an alloy 
grid to keep the work off the hearth, as 
described in the September issue of METALS 
AND ALLOoys, page 360. The high-tempera- 
ture furnace may be fitted with a high- 
temperature refractory shape, preferably of 
the same material as the hearth. A con- 
venient size for these is approximately 1 


in. x 14 in. with lengths to fit the fur- 


nace. These runners should be placed 
lengthways along the hearth, and will not 
only aid heating but will keep the steel 
from contact with a refractory that may be 
pasty and tend to leave pit marks on the 
steel. 


An ordinary sheet iron tray can be placed 
on the runners and the parts to be hard- 
ened then placed on the tray. The tray 
can be removed and water-quenched as 
often as desired to throw off any scale that 
has formed. Very light parts can be placed 
on the tray cold and brought through the 
heating cycle without individual handling 
by tong. 

Tools such as comparatively thin milling 
cutters, etc., which have a fairly large hole 
in the center can be best handled with an 
inside tong made thus: 
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Pressure on the handle will force the 
jaws outward, holding the part by pres- 
sure of the jaws against the circumference 
of the hole. The very end of the jaw can 
be flared out slightly to force its way under 
the part. Heavy gear-cutting hobs are best 
handled with a sturdy round bar with one 


end upset to keep the hob from slipping 
off. 


Tools that have light projections adja- 
cent to heavy sections require extra care. 
If the part is so constructed that the light 
section will support the large section, the 
part should be placed in the furnace with 


the heavy section up. Thin protruding sec- 
tions can sometimes be wrapped with as- 
bestos cord before the work is placed in 
the furnace. Asbestos conducts the heat 
very slowly, so the entire part will come to 
heat at approximately the same time. 

When it is not desirable to wrap a sec- 
tion with asbestos rope, the part can be 
preheated without protection, then imme- 
diately after it is placed in the high heat, 
a small “tent” of asbestos paper can be 
placed over the section. This will slow up 
the rate of heating so as not to burn the 
light section. If neither asbestos paper nor 
rope are available, the small projection can 
be chilled to a black heat in oil from the 
preheat; when the work is then placed in 
the high heat the temperature of the light 
section will be about 500 deg. F. lower 
than the body of the tool. The thin section 
will usually regain this heat before the 
heavy section is up to temperature. 

Another method of slowing up the rate 
of heating of a light section is to put a 
small section of cold firebrick or silicon 
carbide in contact with the light section 
immediately after the tool is transferred to 
the high heat. To allow the temperature 
to “even up,” the refractory can be re- 
moved a few seconds before the tool is 
quenched. 

Often tools are kept straight while heat- 
ing only to be seriously warped during 
removal from the furnace. Tools that are 
difficult to pick up while in the furnace 
should be removed on a pan, placed on a 
convenient table and then picked up by 
tongs. 

A pick-up type of tong used inverted 
will often support a long reamer or broach 
—this way: 











Instead of: 


A tool properly held in a tong can be 
allowed to air cool for a short time befor 
oil-quenching. This will reduce the drastic 
effect of the quench without affecting the 
hardness. Of course, slightly more scale 
will form from contact with the air but 
usually not enough to cause trouble. 

Good tongs and handling tools are in- 
expensive, and yet are so important a part 
of the hardener’s equipment that they merit 
careful consideration. 





Far from being impossible the forge 
welding of nickel-bearing steels is entirel) 


feasible if a suitable flux is used. Plou 
manutacturers have obtained successful re 


sults in  hammer-welding high-carbon 
nickel-chromium and nickel-molybdenum 
steels to low-carbon unalloyed steel 


through the Huse of a new flux, “E-L W eld- 
ing Compound,” made by Anti-Bora> 
Compound Co., Fort Wayne, Ind. Com- 
prehensive tests have demonstrated that 
many S.A.E. nickel alloy steels, including 
S.A.E. 2340, can be forge-welded to them- 
selves or to low carbon steel using thi 
flux. 


—Nickel Steel Topics, International Nickel 
Co.. Ine. 
(Centinued on page 588) 
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Multiple Die Castings 
vs. Stampings for Thin Rings 


By R. L. Wilcox 
New Jersey Zinc Co. 


Unusual design and production prob- 
lems were presented in economically manu- 
facturing the stepped diameter ring shown 
in the accompanying drawing because of 
the close dimensions that had to be held. 
It will be noted that the flange of the ring 
has two diameters separated at one side by 
a notch. The thickness of the inner por- 
tion of the ring had to be held within the 
narrow limits of 0.089 and 0.091 in. 
whereas the flange, centered in this thick- 
ness, involved a step of 0.010 in. at each 
side with limits of plus or minus 0.002 in. 
on the steps. 














INDIVIDUAL RINGS ARE CUT OFF 


If stamped, the ring would have had 
to be machined or swaged, which would 
have involved production difficulties or ex- 
pensive dies, or both. If turned from bar 
or tubular stock, broaching or stamping 
of the smaller flange diameter and the 
notch would have been necessary and 
rather expensive. The. rings could be die 
cast individually, of course, but if parted 
in the mid-plane of the flange or at one 
edge of the flange, thickness limits would 
have been difficult to hold with required 
accuracy, and the removal of the flash and 
gate would still have involved machining 
individual thin pieces. 


A solution was found by the die caster, 
who produces the rings in multiples of 
twelve on a single sleeve casting parted 
through the plane of the sleeve axis and 
the notch. The sleeve has an extension at 
one end, where the gate comes, and this 
extension is used for subsequently chuck- 
ing the piece in a lathe. There the bore 
of the sleeve (and of the rings) is readily 
sized within required limits by a simple 
boring or reaming operation. The flanges 
are faced readily to required thickness 
limits, and the rings are cut off with a 
parting tool that insures correct thickness 
of the ring proper. 


The lathe operations are relatively rapid 
and simple and avoid the need for chuck- 
ing or otherwise machining the rings in- 
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dividually, as would be necessary if they 
were cast separately. There is practically 
no loss in scrap, as the turnings and the 
chucking portion of the sleeve are remelted. 
If methods of production other than die 
casting were used, considerable loss in 
scrap would result. 


The removal of “risers” from the necks 
of hardened steel rolls by their manufac- 
turers may require days if the conventional 
turning method is used. On the other 
hand, the simple use of carborundum cut- 
off wheels enables the risers from an 18-in. 
neck to be cut off in 2 hrs. Two types of 
wheels are applied in succession—the first 
for the first % of the neck, and the second 
(slightly narrower and one grade harder 
than the first) for the remainder. The re- 
duced width of the second wheel prevents 
binding and its higher hardness offsets the 
smaller arc of control —““A Treatise on Roll 
Grinding,’’ Carborundum Co. 


Removing Weld Spots 
from Stainless Steel 
by Herbert Chase 


Spot and similar forms of welding are 
frequently used to advantage in assembling 
parts made from stainless steel. The metal 
is discolored, of course, where the welds 
are made and the oxidation spots show 
prominently, especially when the stainless 
steel has been polished. Although the 
spots can be removed by grinding and buff- 
ing, this may entail considerable labor and 
perhaps leave slight depfessions which 
sometimes stand out prominently in the 
reflected light from the polished surface. 

Such spot weld marks can be removed 
by “reverse plating” in which, of course, 
the work is made the anode. Unless the 
surface at the weld is unduly rough, the 
polished surface is restored and requires 
no further polishing or buffing. Naturally, 
such work is done to best advantage on 
products small enough to be immersed in 
a plating tank of moderate size and the 
cost should be lower than that involved 
in buffing if a fair volume of work is to 
be handled. 

The actual operation—a sort of localized 
electropolishing—may be performed using 
any one of a number of electrolytes, and 
current and temperature conditions that 
must be determined for the size, shape and 
analysis of the part. A number of pro- 
prietary electropolishing baths that would 
doubtless do the trick have been described 
previously (see “Commercial Electropolish- 
ing of Stainless Steel,’ METALS AND 
ALLoys, Feb. 1940, p. MA 88, and “‘Elec- 
tropolishing,” Sept. 1940, p. 322). 





Occasionally a job of air-hardening steel 
will warp excessively—and unaccountably— 
during treatment. This may be the result of 
unequal cooling caused by a draft hitting 
one side of the piece. A useful corrective 
is to perforate the bottom of a small drum 
or tin can, support it off the floor a few 
inches and then set the work to be air- 
quenched inside. A medium-sized oil drum 


or a large paint can is about the right size. 
—Heat Treating Hints, Lindberg Engineering 
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Send in your “shop notes.’ The 
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For melting the zinc alloy (Kirksite) 
now widely used for drop hammer dies in 
Stamping out aircraft parts, a pot made 
of alloy iron (3.40% total C, 1.60 Si, 0.60 
Mn, 2.20 Ni and 1.10 Cr) will give man) 
times the life of a plain cast iron oy 
wrought steel container. 


—Nickel Cast Iron News, International Nickel 
Co., inc. 


Doweling Foundry Patterns 


Although the insertion of either an iron 
plate or a brass plug and socket dowels is 
a simple matter, the question of the dow- 
eling of the two halves of a pattern some- 
times arises and cannot be so easily dis- 
posed of. Particularly is this true when 
the pattern cannot be jointed through the 
horizontal plant but has to follow the cen- 
terline of the required casting. 

Such a case is illustrated in the diagram, 
which shows a double-turn pipe. Joints in 
the mold have to be taken at A and B. 
following the centerline BC. This pattern 


w 











could, of course, be made solid and ie 
top-half lifted off, and for a “one slit” 
job this would be the best method to ad 

In this particular case, however, sev: al 
castings were required, and a jointed pat- 
tern would make for a cleaner mold and 
would be easier to ram up, especially 11 a 
joint board were supplied. 

As can be seen, the insertion of orthodox 
dowels was out of the question and the <if- 
ficulty was surmounted by securing a fairly 
long tongue to one half of the pattern. 
This tongue followed the contour of the 
joint and in the other direction had a gen- 
erous taper imparted to it. A suitable recess 
cut in the other half of the pattern en- 
sured correct location, the taper allowing 
the top to be easily lifted without tearing 
done the sand. 

The dotted lines illustrate this novel 
dowel, while a section of the pattern 
through EF is shown at G.—Foundry Trade 
Journal. 





Oil-soaked wrapping paper can be used 
to keep sheet steel from breaking in 4 
forming press, reports a metallurgical engi- 
neer who was faced with persistent sheet 
breakage at the top edge of a deep and 
wide cup being drawn in one end of 4 
rectangular sheet of steel. No time was 
available for redesigning the dies, but a 
sheet of oil-soaked brown wrapping paper 
laid on the lower die and under the steel 
sheet allowed proper feeding and elimt- 
nated breakage. One sheet of paper was 


ad 12-15 sheets of steel. 
is es j —Steel Facts, 


American Iron and Steel Institute 
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